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Imagination takes shape, color—and rea/ity—in the myriad 
forms, finishes and textures Monarch imparts to durable cast 
aluminum. With porcelain enamel, for instance, great vistas 
of color and new product possibilities spread before the 
designer. Monarch research and development engineers are 
creating unique uses for versatile cast aluminum... for 
industry, for products for the home, for unmatched lifetime 
beauty and performance. They'd be glad to work with you 
on new ideas for manufacturing products of your dreams 
Write R. A. Lawson, Vice President of Marketing, 

for Monarch’s full-color ‘‘idea book” illustrating 


some of the unusual applications of cast aluminum 
in a variety of finishes. No obligation. 


MONARCH ALUMINUM MFG. COMPANY 


9205 DETROIT AVENUE * CLEVELAND 2, OH/O 
MANUFACTURING ACHIEVEMENTS /N MOLTEN ALUMINUM 
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On our cover . . . growing 

responsibilities of our Navy 

as a douser of brush-fire 

wars has emphasized the 

need for a modern, high- 

performance helicopter to 

match all-weather fleet op- 

erations. The Kaman 

HU2K-1, with its compact 

size, all-weather flight ca- 

pability and ability to op- 

erate from ships other than 

carriers, offers increased 

antisubmarine-warfare po- 

tential. It is a turbine- 

powered aircraft, powered 

by the GE T-58, already certified for commercial opera- 
tion, and has recently undergone flight tests at the Bloom- 
field, Conn, plant in preparation for volume production 
early this year. (See articles on pages 24 and 44.) 

Exact performance figures are classified, but speed and 
range will exceed those of present fleet helicopters by a 
wide margin. Latest electronic gear is included in flight 
ind navigation equipment. A Navy spokesman recently 
indicated that as many as 250 of the HU2K-1’s may be 


required eventually to replace present utility copters 


operating with the fleet. Kaman is also going ahead with 
plans to complete FAA certification in anticipation of the 
need for a commercial 10-passenger turbine helicopter. 


The size and complexity of the engineering staff required 
on a project of this kind is indicated by the groups on our 
front cover. They are identified by function in the cover 
diagram. On a cool day last October, the groups were as- 
sembled for the photograph along with the vice-president 
—Engineering (tall man in the center of the front row), 
the project manager (on his right) and the chief engineer 
(on his right). The others in the project administrative 
group include the engineers in charge of the power-drive 
system, the rotor system, and so on. If you must know, 
the man with the beard is the rotor designer, and the 
flying-suited men in the test group are test pilots. 

The idea of flight by “direct lift” has been the subject 
of legend and experimentation going back to Greek my- 
thology when Icarus found his “‘place in the sun.” Before 
1519, Leonardo da Vinci sketched a helicopter in which 
the lift was to be obtained from an Archimedean screw 
rotating about a vertical axis. In 1784, successful flight 
of heavier-than-air craft was made with a model helicopter 
patterned after an ancient Chinese top. The first successful 
American flight of a helicopter took place in 1939 when 
Igor Sikorsky flew a single-rotor helicopter he had built. 

Applications for the “whirly bird” today are practically 
endless. Petroleum and construction companies have long 
been able to make preliminary aerial surveys, then carry 
heavy materials to places inaccessible by road. Copters 
are also taking the cowboy off his horse. ‘The 500,000-acre 
Waggoner Ranch in Texas estimates that its one helicopter 
can perform the work of 15 to 20 cowboys over any given 
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period. However, one of the largest needs for inexpensive 
helicopter service is shuttling airline passengers from air- 
port to the center of town. Although many of our larger 
cities now have such a service, the cost has not dropped 
sufficiently to supplant that long bus trip. However, Port 
of New York Authority officials predict that “by 1965, 
there will be close to 3,000,000 passengers annually using 
helicopter services within a 75-mile radius of New York 


City.” 
Birth of the Model T 


When Henry Ford started his own company in 1903, 
few people in Detroit gave him much chance to succeed. 
He was but one of many automobile manufacturers in 
Detroit, and had little in his background to recommend 
him. As chief engineer of the Detroit Automobile Co, he 
had failed to design a salable car, was finally fired—and 
his successor, Henry Leland, did the job so well that the 
company decided to change its name to the Cadillac Motor 
Co in order to be identified with Leland’s car. 

The stockholders in the new Ford Motor Co wanted to 
manufacture a product in direct competition with the rest 
of the growing auto industry, but weren’t particularly im- 
pressed by Ford’s idea of manufacturing in quantity. Ford 
maintained that standardization and mass production 
would drive the unit price so low that competition 
wouldn’t stand a chance. This concept, although not orig- 
inal, had never been attempted on such a scale. 

The conflict between Ford and his stockholders resulted 
in a series of court cases and was resolved when Ford 
bought out the others. He tooled up to manufacture his 
Model T, and in 1907 presented his plans to the growing 
young industry. Experienced manufacturers didn’t believe 
standardization on the scale Ford envisioned was possible. 
So different were the various demands of the industry at 
that time, that altogether, 1600 sizes of steel tubing and 




















ASSEMBLY LINE, 1912. Rear wheels of the car are cradled 
in a three-wheel dolly which moves astride a track on the 
floor. In this picture, the Model T has just received its 
barrel-shaped gasoline tank. 


135 different grades of steel were being specified by auto 
manufacturers. (Perhaps it was fortunate that plastic auto 
parts, p 50, weren’t available as they would have confused 
the picture even more.) 

Ford carried his concept of standardized parts down to 
color. When the Model T rolled off the assembly line, it 
was solid, simple and black. Those who claimed Ford’s 
method of manufacture was ridiculous soon saw how wrong 
they were. Except for the war years, the price of the Model 
I’ was reduced annually. In 1909 when the car went on the 
market the price was $950. By 1912, the price was down 
to $780. It hit rock bottom in 1926 when you could own 
a new Ford for only $290. As prices fell, sales and profits 
soared. By the thirties Henry Ford had made more money 
than any manufacturer in the history of the world. 

Benedict A Leerburger Jr 








. Power Cylinders—Full Stroke 





NEXT WEEK IN PRODUCT ENGINEERING 


. The High-Strength Steels—What They Offer 
A special staff-prepared report giving the up-to-date story, along with a 
comparison table for quick reference. 


. Realistic Ways to Speed Response of DC Clutches and Brakes 
Here’s an analysis of response time in three logical steps: What is response 
time? What speeds are practical? And, how will standard units give you 
extra speed? 


. How to Start to Write a Report 
Some people read to find things out; some people write because they have 
something to say. Why shouldn’t these people get together? 


Choosing the right proportions for mechanisms requires balancing opposing 
factors. This discussion, and the charts included with it, tells how. 


. Maximum Stress in Cylindrical Short Blocks 
Whether the block can stand both tension and compression, or only one—and 
regardless of the location of the load—here are the equations you need. 
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THE FALK ALL-STEEL, ALL-MOTOR MOTOREDUCER 
(also available in Integral models) 


+..one of America’s First Family If you were in the market for a 20,000 hp propulsion drive for a 


of Power Transmission Products blue-ribbon super-tanker, you would expect and demand the vlti- 


Other Members: 


SHAFT MOUNTED 
DRIVES 

—up to 125 hp. Ask 

for Bulletin 7100. Also 

~ Flange Mounted and 

Screw Conveyor Drives. 


COUPLINGS 


All-steel, torsionally 
resilient. 34 sizes, from 
.3 to 130,000 hp at 
100 rpm. Ask for 
Bulletin 4100, 


FALK, ALL-MOTOR 
ond STEELFLEX 
ore registered trademarks. 


mate in gear accuracy. On turbine-driven gears as large as 15 feet 
in diameter and four foot face width, any deviation in tooth-spacing 
tolerances of .0001" to .0002” would spell poor performance or 


- disastrous failure... . the latter entailing loss of service of the ship and 


producer of millions of horsepower of marine propulsion 
ly fifty yeors, has been continuously adding to its 
| experience and techniques—and applying the results 
ts, standard drives as well os large special units, with 


<! Folk gears have the highest known efficiency .. -98'A% per mesh 

“under full load...plus the famous Falk extra-depth, high-pressure- 
angle teeth. Benefits to you: better service, less maintenance, extra 
durability, true economy. Available in horizontal, vertical and right- 
angle models; sizes up to 75 hp. See your Falk Representative or 
Authorized Distributor—or write for Bulletin 3100. 


THE FALK CORPORATION, MILWAUKEE 1, WISCONSIN 
MANUFACTURERS OF QUALITY GEAR DRIVES AND FLEXIBLE SHAFT COUPLINGS 
Representatives and Distributors in most principal cities 
eee 
A POINT TO PONDER...when you need geor drives or shaft couplings of 
“FALK OR EQUAL” quality, where but from Falk can you get the "OR EQUAL"? 








Communications systems now use infrared, ultraviolet 


For short-range communication, both military and private, infrared and_ ultraviolet 
systems are attracting increasing attention. Just recently, for instance, Infrared Indus- 
tries introduced a home signaling device that uses infrared radiation. It’s a hand-held, 
self-powered system that looks like a dual-lens reflex camera. One “lens” is the 
infrared source; the other, the photoconductor receiver. Flashlight batteries supply 
the power to activate the signaling element. Price: about $20 a unit. 

Plenty of work is being done, too, on ultraviolet systems (PE—May 26 ’58, p 20); 
but no way has yet been found to overcome the distance limitations posed by straight- 
line transmission. However, ultraviolet may get a long-range communications job in 
outer space, if not on earth. In space communications, the horizon poses no problems. 

Westinghouse is already demonstrating an outer-space uv communications system 
that uses a standard cathode-ray tube as uv source and modulator and a photomultiplier 
as a receiver. Standard TV camera units serve for input and output. With a one-meter 
optical reflector, a power density of 10.3 kw/sq in. can be achieved—enough says Wes- 
tinghouse, to permit communication at distances up to 15 million miles. 


Ice lubrication kills titanium springback 


Titanium alloys and stainless steel have been successfully stretch-formed at Shefhield U 
(England), using ice as the lubricant. The method offers several advantages. ‘There 
is no scratching or staining of the metal, the lubricant film is stable and self-healing, 
and there is virtually no springback. And, the Sheffield U researchers say in a report 
to Britain’s Ministry of Aviation, the coefficient of friction for a 2-mm-thick ice film is 
so low it cannot even be measured. 

The stretching form is concrete, held at 20 F, and sprayed with water to form an 
ice film. During forming, infrared heat is applied (15 watts/sq in. for 30 sec) to 
melt the surface of the ice and reduce friction still further. 

For the tests, mild steel, titanium alloy and stainless specimens 3 in. wide and 14 in. 
long were used. Thickness was 0.040 and 0.066 in. 

(Note—For background information on the springback problem, see PE—May 30 
"60, p 6.) 


Czechs probe strength of magnetic fields 


A novel probe for measuring magnetic-field 
strength is revealed by a recent Czech 
patent (PV 1880.56). 

The device consists simply of a bent 
glass tube, a coil, and a piezoelectric crystal. 
The tube, held in rubber grommet, is 
flexibly connected at one end to the crystal. 
The coil is attached to the other end. A 
vacuum-tube voltmeter, calibrated in oer- 
steds, is used to monitor output voltage. 

To measure field strength, the coil is 
placed in the unknown field and energized 
by ac current from a tone generator. Fre- 
quency of the power supply is chosen to 
match the resonance frequency of the coil, 
as it vibrates in a de fiekl. The coil vibra- 
tions, transmitted through the tube to the 
crystal, generate an ac voltage on the crystal. 
This, the Czechs say, is directly proportional to the strength of the magnetic field 
being measured (H) over a range from 1 oersted almost to infinity. 

The device is calibrated by placing it in a field of known strength and adjusting the 
coil current to produce a convenient indication on the vacuum-tube voltmeter connected 





Grommets 











to the crystal. continued, next page 
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LOW COST 





UTMOST RELIABILITY 








For enly 11¢ this diaphragm 100 million cycles on balanced Long stroke rolling diaphragm 
withstands 25 million cycles on valve application for ram air control boost sys- 
shock absorber application. tem withstands extreme tem- 





peratures. 


HOW TO IMPROVE 
diaphragm reliability 


e@ Guaranteed to outlast diaphragms of conventional construction. 








@ Standard sizes available from 1 to 6’ cylinder bore and from 
.001" to 10’ stroke 


e No tooling charges for standard sizes (500) 


Bellofram diaphragms are superior because they are made with selected 
fibers of special construction from Dacron, Nylon, Teflon and Fiberglas. 
These can be bonded to a wide choice of elastomers, such as nitrile, 
polyurathane, silicones, Vitons and Fluorel. It is the combination of the 
fiber, fiber construction and elastomer which gives diaphragms by 
Bellofram Corporation their unusual performance and reliability. 
Improve your product with Bellofram diaphragms. Let us quote you on 
your present diaphragm requirements. 





Gentlemen: 


Manual No. BF -400-A without obligation. 





Please RUSH my copy of your 28- page Design 


stroke and height calculations, for- 
mulas for installation dimensions, 
ordering instructions. 








Send coupon now. 









Diaphray msi 
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DESIGN MANUAL sane 
Contains all engineering data needed COMPANY POSITION 
to design your product with diaphagms. = ADDRESS 
71 sectional drawings, Nomograph for Rolling 
. CITY STATE 


i Oe Corporation 


91 Blanchard _Road, Burlington, Massachusetts 
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DEVELOPMENTS TO WATCH... 


Bf continued 








Liquid thermoelectrics: new route to energy conversion 


Progress in development of alloys that will show useful thermoelectric properties in the 
molten state (PE—Apr 25 ’60, p 9) is reported by D. F. Stoneburner of General 
Atomic Div, General Dynamic Corp. At the joint Technical Society—Department of 
Deferce symposium on Thermoelectric Energy Conversion he said several binary 
thal..am compounds have been tested; and at least three—the sulfide, selenide, and 
telluride—show the distinctive semiconductive properties. Now, further tests are 
underway to evaluate these materials for use in energy-conversion devices. 


Nonlinear resistors to provide extended service range 


Resistors whose current varies with the 4.5 power of voltage—a figure claimed sub- 
stantially higher than that for conventional silicon carbide nonlinear resistors—are being 
demonstrated in London for the first time this week by Morgan Crucible Co. Working 
voltage of the new units, now available for evaluation, is said to be considerably lower 
than that of commercial rectifiers. (Note—Morganite Inc, NY, is Morgan Crucible’s 
US affiliate.) 


Lower prices for “natural” rubber 


It’s cheaper to buy man-made natural rubber than the old-fashioned plantation variety— 
this month anyway. Well over a dollar a pound not very long ago, the man-made 
material is now just 27¢/lb (28 to 29¢ for small lots); and natural “natural rubber” 
is coming down to meet it. Price cut of the synthetic, announced by Shell, highlights 
the growing supply of the man-made material and the competition it has brought. Pre- 
dictions are now that the synthetics will go down to 25¢/lb, and perhaps even lower. 


British machine will record in straight lines or curves 


A pen recorder that offers a choice of rectilinear or curvilinear traces is in the prototype 
stage at Smiths Industries Div, Kelvin Hughes Ltd, England. 

Featuring an “extremely wide” range of paper speeds, the recorder accommodates 
up to 12 channels and handles regular, electrosensitive, or heat-sensitive paper, in 
several different widths. Transition from curvilinear to rectilinear trace is made by 
running the paper over a knife edge and fitting the pen with an extra-long writing ele- 
ment. The unit will be displayed for the first time at this week’s Physical Society Exhibi- 
tion in London; detailed design information should be available next month. 


New instrument for radiant-heat studies 


A “net income” device is what the 
Commonwealth Scientific and In- 
dustrial Research Organization calls 
its new radiometer. It’s an instru- 
ment designed to measure radiant- 
heat utilization—in air conditioning, 
drying, and agricultural processing. 
It indicates efficiency by measuring 
difference between energy received 
and energy emitted (hence the “net 
income” label). 

The device consists of a radiation 
receiver (see photo) containing a thermopile, protected from convective heat loss by 
two plastic hemispheres; a gas supply; and, if desired, a heating ring. 

The thermopile consists of 250 thermojunctions surrounded by blackened plates. 

The hemispheres are of very thin polyethylene sheeting, kept inflated and free of 
moisture by the gas supply (nitrogen). 

An electric current, proportional to the radiation intensity, is generated, and operates 
a standard points-type meter. No amplifier is needed. Middleton & Co, Melbourne, 
Australia has been licensed to produce the device commercially. —ARG 


RADIATION RECEIVER is gas-inflated plastic 
sphere in which thermopile is mounted. 
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LATEST WORD FROM MARS balance, with new positive finger grip, it’s the newest of many 
is the superb new Technico lead holder—with clear-view degree fine MARS drafting aids—all designed to make your work easier, 
indicator placed right at your fingertips. Contoured for perfect and to make it look better and reproduce better. 


Among the famous imported Mars drafting products are: the Mars-Technico push-button lead holders (with adjustable degree indicator* , with specific degree imprint , the economy model*); 
Mars-Lumograph drawing leads*, 18 degrees, EXB to 9H; Mars-Lumograph drawing pencils, 19 degrees, EXEXB to 9H; Mars-Duralar pencils and leads for dratting on Mylar® -base drafting film 
—5 special degrees, K1 to K5; Mars-Duralar Technicos with adjustable Duralar degree indicator; Mars-Lumochrom colored drawing pencils, 24 shades. Also: Mars Pocket-Technico for field use 
Mars pencil and lead sharpeners; Mars Non-Print pencils and leads; Mars-Duralar erasers. Mars products are available at better engineering and drafting material suppliers everywhere 


©®1.M. for duPONT’s Polyester film. *Shown. 


J.S. STAEDTLER.INC. 
HACKENSACK, NEW JERSEY 
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Pictures measure 
high temperatures 


A photographic technique that 
measures temperatures from 1400 F 
up, using standard camera equipment, 
has been developed at NASA’s Lang- 
ley Field Research Center. 

The primary aim: to produce tem- 
perature “contour maps” of heated 
surfaces. 

The measurement technique takes 
advantage of thermal luminosity and 
the brightness variations that repre- 
sent changes in temperature. But it 
differs from previous systems in that 
it uses precalibrated photographic 
emulsions. This eliminates the prob- 
lems of variations in the emulsions 
themselves and in development tech- 
niques. 

The camera now in use is a K-24 
and the film is ‘Tri-X panchromatic. 
For film calibration, multiple expo- 
sures are made of heated Inconel 
strips and blackbody radiators at 
various temperatures. The variation 
of relative optical density is then 
plotted as a function of relative expo- 
sure, the latter being calculated as a 
function of emissivity, exposure time, 
and lens-aperture setting. 

A report, giving details of the cali- 
bration procedure and showing how 
the technique is applied to a typical 
part, has been prepared by J. H. 
Siviter Jr and H. K. Strass of Langley, 
and may be obtained from NASA, 
Washington, DC as Technical Note 
D-617. 


The outlook for 
hi-temp polymers 


Rubbery compounds that stand 
temperatures in the 600-F range, and 
film-forming organics that show good 
promise for the 700- to 750-F region, 
were among the high-temperature 
polymers reviewed by C. S. Marvel 
Jr in a talk to the American Chemical 
Society’s St Louis section. 

These new materials represent one 
of the four major approaches to de- 
velopment of thermally stable poly- 
mers now under investigation. The 
four: 

1. Inorganic polymers. 


2. Organic-modified inorganics. 


3. Polymeric materials with metal 
chelate units. 

4. Organic polymers with 
mally stable units. 

A number of polymers, both rigid 
and rubbery, that fall in the first 
classification have already been re- 
ported (PE—Sep 7 ’59, p 13 and Sep 
5 60, p 9); but, as Dr Marvel points 
out, most still show high moisture 
sensitivity or other undesirable fea- 
tures. 

In the second class are many silicon 
compounds and silicone polymers, 
some reported to show good stability 
to 600 F and a considerable degree of 
elasticity. The metal chelates, too, 
show promise but research here is still 
in the very early stages of synthesis 
and test. 

Best bets in the last group, to which 
the rubbery and film-forming com- 
pounds mentioned above belong, are 
fluorocarbons and polyaromatics, the 
latter under intensive study in Mar- 
vel’s own lab. Here, too, early results 
are encouraging, but much additional 
work remains to be done. 

Over-all conclusion from the survey 
would seem to be that heat-stable 
polymers with either flexibility or elas- 
ticity can be developed by any one of 
these routes. But commercially useful 
materials are several years away. 


ther- 


Oil industry outlines 
1961 research goals 


Unconventional means for fuel 
atomization and ignition, and new 
techniques for fuel-oil mixing and re- 
circulation, are among the problems 
to be explored this year by the Fuel 
Oil industry. Some of the work will 
be done cooperatively in refining lab- 
oratories; some will be farmed out to 
independent labs. Other problems 
include: 


¢ Effects of spray-droplet size on 
combustion 

¢ Fuel and air handling 

¢ Smoke reduction 


brief . . . 


Fibrids and textryls are terms coined 
by DuPont researchers for new fibrous 
forms of synthetic polymers used in 
making nonwoven fabrics. The first 
term applies specifically to the fiber; 
the second to the nonwoven fabrics, 
especially as produced on paper-mak- 
ing equipment. As yet, neither the 
fibers nor the paper-fabrics made 
from them is in commercial produc- 
tion; but DuPont is offering fibrids in 
experimental quantities and is working 
on fabric processing, printing, and 
embossing techniques. —ARG 





Home-made instrument measures particle size 


A powerfu! light source, a photocell, 
and a machine-tool spindle are help- 
ing Wayne State U researchers meas- 
use size of microfine particles (PE— 
Dec 19 60, p 35). 

The method: the light beam, fil- 
tered to select the desired wavelength, 
and focused by lenses, passes through 
a columnar film of liquid containing 
the particles to be measured. Light 
scattered at right angles to the film is 
collected by the photocell. The 
amount of light received, compared 
to that from a known standard, indi- 
cates the particle size. 

The spindle? Excello Corp, which 
makes it, points out that measure- 
ments must be taken while the liquid 
is in motion as well as at rest. The 
spindle provides a means of moving 
the fluid while maintaining film width. 
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MACHINE-TOOL SPINDLE serves 
dual purpose in this Wayne State 
setup. Rotors are supplied in several 
sizes to vary thickness of liquid film. 
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LINK-BELT P.I.V. is available in all these ways for 


super-sensitive quality control 


Today a growing number of pro- 
duction machines and operations 
demand extremely accurate trans- 
mission of power with variable 
speed control. For these require- 
ments, Link-Belt P.I.V. is avail- 
able in the many ways shown 
below—with automatic controls 
and integral differential to satisfy 
an infinite number of variable 
speed applications. 

Variable from top speed to 
minimum speed with no steps, no 
stops in between, Link-Belt P.I.V. 
is industry’s only chain-driven 
variable speed drive. Teeth—not 
tension—permit positive, high- 

efficiency power transmission. 
For information on the full 
P.I.V. line, call your nearest 
Link-Belt office. Or write for 
; Book 2274 on basic P.I.V., and 
P , , Book 2774 explaining P.I.V. 
Here’s the basic wae ; with integral differential. 


P.1.V. for step/ess, 
Slipless speed changing 


Link-Belt P.I.V. is available in 8 sizes and 16 standard types, in capacities from '2 to 25 hp— 


for horizontal or vertical mounting. Compact design simplifies installation as a separate unit or a 
built-in part of a machine. P.I.V. is totally enclosed, automatically lubricated. 


PNEUMATIC (shown) — The P.ILV. HYDRAULIC (shown) — Consists of 


pneumatic ratio changer is used as a 
final control element providing fully 
automatic control of speed. Operates 
from standard pneumatic controller 
in systems regulating pressure, tem- 
perature, rate of flow, etc. 


MECHANICAL — Predetermined tim- 
ing, cyclic, or characterized regulation 
can be accomplished by P.I.V. with 
mechanical controls. 


a low-pressure hydraulic Servo system 
with a precision valve positioner. In- 
tended to give automatic speed con- 
trol by direct operation with any form 
of linkage. A minimum operating 
force is required. 


ELECTRONIC — Flexible form of speed 
control to provide either “on-off” or 
modulated speed response of P.I.V. 
drive. Electric control motors are 
available to match a wide variety of 
electrical control systems. 


| 
P.1.V. with integral \differential gearing 


EXTENDED SPEED RANGE TYPE of integral 
differential results in infinite ratio range and 
output speeds down to zero with a constant 
input speed. Clockwise and counterclockwise 


CONDENSED SPEED RANGE TYPE of in- 
tegral differential results in a ratio range 
less than a standard P.1I.V. with the ad- 
vantage of increased horsepower capacity, 
high ratio stability and accuracy. These 
drives are applicable wherever small ratio 
range is required but with extreme ac- 
curacy of ratio control. 


! 
| 
| 
| 
| 
| 
j 


rotation through zero is 


also obtainable. 


These drives may be used whenever a ratio 
range greater than 6 to 1 is required. 


VARIABLE SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales Offices and Stock Carrying 


Distributors in All Principal Cities. Export Office, New York 7; Australia, Marrickviile (Sydney); Brazil, Sao Paulo; Canada, 


South Africa, Springs. Representatives Throughout the World. 
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New President wants more togetherness in federal R & D 


Better coordination of federal research programs by the Kennedy Administration 
is being strongly predicted. First step will be to revitalize the Federal Council on 
Science and Technology. This organization was created by executive order in 1959 
to coordinate federal research programs among the various agencies. Its member- 
ship is composed of assistant secretaries under the guidance of the President’s 
special assistant for science and technology, Dr George Kistiakowsky. 

The Democrats complain that this council never functioned properly. And 
reports are that Kennedy and his vice-president, Lyndon Johnson, intend to 
strengthen the organization—to ensure that it takes an active role in handling 
federal research programs. 

First, the Administration will give the council more power, by having it estab- 
lished by Congress rather than by executive order. Then, it will be given specific 
duties—and be held responsible. This will work both ways: (1) the council’ S$ voice 
will be more powerful when dealing with government agencies because they will 
know that the council will be reporting to Congress; and (2) Congress traditionally 
listens (and acts) more attentively to recommendations made by organizations it 
has created than it does to recommendations of executive committees that must 
be channeled through the White House. A good example of the difference in 
power of an organization set up by Congress and one established by executive order 
is the late Herbert Hoover Commission to streamline government functions. Critics 
argue that far more progress would have resulted if this commission had been 
established by statute rather than executive order. 


But he’s leaving the details to the vice-president 


The new Administration’s approach to space and research programs is one of 
organizational changing rather than specific project-dabbling. This is beginning 
to show in a firm trend. And Kennedy personally is not expected to play much 
of a role in this area. In fact, some reports have it that Kennedy is not too interested 
in the field as a priority problem. 

It showed when he decided to turn over the chairmanship of the national space 
council to Lyndon Johnson, even though this will require new legislation from 
Congress. Even earlier, during the presidential campaign, Kennedy never made 
an issue of space and research. 

Having Congress establish the Federal Council on Science and Technology, if 
indeed this is accomplished as noted above, is another move in this direction. Such 
a move, in effect, would further remove the matter from under immediate responsi- 
bility of the White House. 

Both Kennedy and Johnson are bored with details. They prefer to set up an 
organization, give it power, then give it somewhat of a free hand to function as 
long as results are forthcoming. 

This approach is expected to show more and more in the future when Kennedy 
and Johnson will put more emphasis on the nation’s space and research efforts 
through getting more utilization out of present spending and manpower. 


Federal spending for science to pass $8-billion mark 


Total federal spending for science in fiscal 1961 will top an estimated $8 billion. 
This is what a report, soon to be published by the National Science Foundation, 
will show. NSF has also revised its estimate of fiscal 1960 spending for science 
upwards to slightly over $7.5 billion. NASA’s spending for science shows the 
biggest increase, climbing from about $280 million in fiscal 60 to more than $600 
million in fiscal 61 estimates. 
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Without seals 


— 


ORANGE Cage 77we NEEDLE BEARINGS 


Precision needle rollers are permanently aligned in pockets of 
anti-friction cage—resist skewing while running in vertical, 
tilted or horizontal position. Successful on overhung mountings; 
less affected by misaligned mountings or shaft deflections. Sizes, 
without seals, 14” to 8” shaft dia.; with built-in seals, 44” to 2” 


shaft dia. 





ORANGE ROLLER BUSHINGS 


Full type precision needle bearings pro- 
vide maximum load capacity in small 
radial space. Close internal running 
clearances minimize possibility of mis- 
aligned rollers. Standard sizes }5” to 8” 
shaft dia. 


ORANGE JOURNAL ROLLER BEARINGS 
Provide high load capacity where radial 
space is limited. Available as complete 
bearings or as component parts in inch 
sizes, in multiple lengths, 54” to 5” 
shaft dia. 








ORANGE STAGGERED ROLLER BEARINGS 


Exceptionally high load capacity and 
even running are gained by use of many 
short rollers in staggered arrangement, 
instead of fewer long rollers. Al] standard, 
interchangeable sizes in the 200 and 


300 series. 





ORANGE CAM YOKE ROLLERS 


For yoke mountings involving follower 
action, and for machine elements re- 
quiring guide or support rollers. Stand- 
ard sizes from 34” to 4” O. D. Chrome, 
Cadmium or Black Oxide finishes avail- 
able; also seals where required. 


Engineering representatives and distributors 
in all industrial areas 





| 


a, 


4 


ORANGE CAM FOLLOWERS 


Provide high load capacity and shock 
resistance. Standard sizes from 1)” to 
4” O. D. with either standard or heavy- 
duty studs. Chrome, Cadmium or Black 
Oxide finishes available; also seals 
where required. 





\¢ 


. 
ee * 


' 
| 
' 
' 
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ORANGE THRUST ROLLER BEARINGS 


Cylindrical roller type thrust bearings 


provide high capacity and durable 
service. Available in light series 74” to 
3%” bore; heavy series from 2” to 16” 
bore. Special types and sizes to order 


Send for 48-page Engineering Reference Manual 


showing dimensions, capacities, installation 


ORANGE ROLLER BEARING CO., Inc. 
551 Main Street, Orange, N. J. 


data on all Orange Roller Bearings. 
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“Buying at Philadelphia Gear, | get 
the benefit of this simple formula...” 


TLONGER LIFE 
IMPROVED GEARS=|4105° powep 


Available as ““IN-LINE"™ Reducer (left), or as a 
GearMotoR with flange mounted motor (above) 
or foot mounted motor (below). 


The gearing in these drives is case hardened and precision ground, an advanced develop- 
ment that out-dates conventional standards and ratings. You get commercial drives 
with gearing of master gear quality at a cost no greater than conventional drives now 
in use. They are available in standard sizes to 200 H.P. 


LONGER LIFE 

Extreme accuracy of tooth profiles, pro- 
file spacing and surface furnish elimi- 
nates “running-in" wear. 


MORE POWER 

Harder materials, plus reduced load 
factors means the reducer can transmit 
more power, operate at higher speeds. 


SPACE AND WEIGHT SAVINGS 
Reduced load factors also mean less 
space and weight without sacrificing 
performance characteristics. 





REDUCED VIBRATION 

Reduced tooth to tooth errors, accumu- 
lated pitch errors and total composite 
errors give smoother contact. 


philadelphia gear drives 





REDUCED SOUND LEVELS 

For applications where low sound lev- 
els are important, gear noise is no 
longer a controlling factor. 





FOR MORE INFORMATION 


Send for our new Catalogs 
R-60 (IN-LINE Reducers) and 
GM-60 (GearMotoRs). 


PHILADELPHIA GEAR CORPORATION 


King of Prussia (Suburban Philadelphia), Pennsylvania 
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THE ENGINEERING WEEK 


Scientists Ponder Dangers of Nuclear War, Engineering Shortage 


New Yorx—The moral and practical 
implications of nuclear-weapons con- 
trol drew the attention of scientists, 
economists, and psychologists at vari- 
ous annual meetings of the American 
Association for the Advancement of 
Science here. Striking the keynote, 
C. P. Snow, the British scientist 
turned author (now at the Univ of 
Calif) warned that scientists are los- 
ing the power to say “no.” 

At the beginning of World War II, 
Sir Charles related, “most scientists 
thought that Nazism was as near abso- 
lute evil as human society can man- 
ge.” And without qualification, he 
idded, “I still think so.” 

“Therefore,” he told the AAAS, “IT 
respect, and to a great extent share, 
the moral attitudes of those scientists 
vho devoted themselves to making the 
atom) bomb. But the trouble is, 
vhen you get on any kind of a moral 
escalator, to know when to get off. 
When scientists became soldiers, thev 
gave up something—so imperceptibly 
that they didn’t realize it—of the 
scientific life.” 

Today, Snow declared, we face an 
either-or decision, with time running 
out. Either we disarm and face a 
finite risk, or permit the arms race to 
continue (in which case China and 
other countries will have nuclear stock- 
piles within six years) and face the 
statistical certainty of a nuclear explo 
sion—accidental or otherwise—within 
ten years. “Between a risk and a cer- 
tainty,” he said, “a sane man does not 
hesitate.” And, he added, scientists 
have a moral obligation to make these 
alternatives known, even though speak 
ing out may make them unpopular. 

Another AAAS session, devoted to 
developing student interest in engi- 
neering and science, heard that almost 
half of the students who start programs 
in engineering fail to complete them. 
This high casualty rate, according to 
Richard T. Fallon of Michigan State 
Univ’s College of Engineering is a 
major concern of educators. 

Dropouts fall into three groups, he 
noted. About 17% “have the capa- 
bilities, talents and interests, but have 
not been properly prepared and/or 


oriented in highschool.”” Another 
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group—about 12% of enrollments 
lack proficiency in basic sciences. 

The third group—about 17% o1 
18%—are victims of new pressures 
and the delusion that everyone who 
studies science is going to be a scien- 
tist. Such students, Fallon szid, “‘soon 


defect to other fields when they find 
that engineering does not offer the 
glamor they sought or does not offer 
them a chance to pursue majors in the 
disciplines where they built up thei 
mathematics, 

. 


proficiencies, such as 


physics o1 chemistry.” 


Electronic Teaching-aids Become More Versatile, Convertible 


Demonstrator devices are becoming as complicated as pinball machines but 
more versatile. For example, the Aerotrainer (top), designed by the Power/- 
Equipment Div. of Aero-General Corp, can undergo minor modifications or 
complete conversions, whichever is required to illustrate new equipment. Con- 
version needs a change in the lighted display and some rewiring, but costs are 
about 20 to 40% less than for a new unit. Advanced Research Associates Inc, 
Model 1 Dynamic Servo Demonstrator (below) is highly versatile in relating 
servo theory, design and application. Instruments include a completely opera- 
table, high-performance velocity and position feedback servo system, single 
vacuum tube preamplifier stage and 20,000 current-gain composite transistors 
as push-pull drivers. This hybrid circuit eliminates multiple stages and ancil- 
lary circuitry in the amplifier to permit easier understanding of subsystems. 
System is designed to permit study and analysis of closed and open-loop opera- 
tion, transient response, transfer functions, etc., under load and no-load condi- 
tions. Both single and multiloop feedback can be used. 


15 
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Japan Proudly Lists 10 
Proofs of Its R & D Prowess 


l'oxvo—Japanese designers and scien- 
tists believe 1960 was the vear their 
countrv came of age in the fields of 
research and development. The semi- 
governmental Science and Technology 
Council has announced 10 outstand 
ing achievements which Japanese 
science made during the past 12 
months and which have gained inter- 
These 10, con- 
were 


national acceptance. 
sidered up to “world levels,” 
chosen by companies and individuals 
from among 70 projects suggested for 
such an honor. 

The Number 1 effort is Tokvo Univ 
and ‘Tokyo Astronautical Observatory’s 
joint project on atomic clocks. A 
total of three have been built and a 
fourth is now under construction with 
a projected accuracy of less than 3 sec 
deviation in 100 million vears—best in 
the world. 

Japan’s contributions to decisions 
during the 11th International Confer- 
ence on Weights and Measures on 
new standards for the metric svstem 
took second place on the Council's 
list. Number 3 was completion of a 
Mach 1.4 wind tunnel 

tarted in 1956 and completed last 
vear at a cost of $7.5 million. 

A little-publicized ultrahigh-speed 


transonic 


computing apparatus, developed under 
direction of Isayoshi Kurovanagi at 
Telegraph and Telephone 
Corp’s Electrical Communication Lab- 
oratorv, was Number 4. Patents on 
this apparatus have been asked for in 
the US, Great Britain, Germany and 


elsewhere overseas 


Nippon 


US ORDERS EXPERIMENTAL PLANT 


"he Japanese are particularly proud 


of Number 5—a seawater exchanger. 
It proved so successful in laboratory 
development that the US government 
has ordered an experimental plant to 
ipply it. Developed by the Shin 
Nihon Chemical Co, it will go com- 
mercial in Japan by 1962 

Maruzen Oil 


of a manufacturing plant for paraxyrol 


Co’s original design 


was also considered a benchmark. It 
was developed with assistance from 
the government’s Science and Tech 
nology Agency. Another petrochemi 
cal victory was Kurashiki Rayon Co’s 
vvnilon fabric which has been licensed 
by a US firm for production. 


Even in aviation, a field in which 
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Japan lagged badly during the postwar 
period, success was reported: Japan's 
meteorological rockets, the Kappa 
series developed by Tokyo Uniy rocket 
expert Hideo Itokawa, got interna- 
tional recognition when the Yugoslavs 
recently ordered five of them. 

Japan continued to advance in medi 
cine with the development of an anti- 
tumor hematoportphilbin mercurial 
drug. A related drug, tenth on the list, 
was development of the manufactur- 
ing process for making dextrose from 
sweet potatoes, using diastastic enzyme 
as a catalyst. 

—Sol Sanders, Tokyo Bureau 


1960 Was a Banner Year for 
Titanium Metal 


New Yorx—Titanium may be com- 
ing into its own. During 1960, mill- 
product shipments of this metal 
totaled 10 million Ib, a 50% increase 
over 1959; also, titanium’s $6.97 pet 
pound price reached an all-time low, 
almost half of its 1956 cost. Facts and 
figures are supplied by Titanium 
Metals Corp of America. 

Reason cited for the progress in 
clude: unanticipated defense purchases 
such as the Army’s specification of 
titanium for the Davy Crockett recoil- 


Water Forces Stainless Steel into Shape 


Sem ee | emi RK eT GR 


() 


¥ 


; 


The 3-in.-dia, stainless steel end cap being measured by a Convair Astronautics 
Div engineer was formed by water placed in the die cavity, shown under the 
Dynapak ram, A stainless steel blank was placed across the mouth of the die, 
left foreground, and the die turned upside down over the water. When the ram 
fired, the water, being noncompressible, forced the steel back into the die, shap- 
ing the cap. Cap forms the end of a 30-in. tank that tests stresses in missiles. 
With conventional processes, the 3/32-in.-thick cap would not form, or els¢ the 


material would thin out excessively. 
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less rifle, the growing requirements for 
lightweight, high-strength metals for 
the liquid- and solid-fueled rocket pro 
grams, and the increased activity in 
the military airplane engine market. 
Research during the year was geared 
to expansion of product types and sizes 
to broaden areas of application for ex 
isting alloy grades. In addition, two 
new alloys went into commercial pro 
duction—one for jet engines (raising 
titanium’s effective temperature resist 
ance to 1000 F) and the other for 
chemical processing equipment. 
\ccording to TMC’s survey, non 
military applications of titanium ac 
counted for 15% of the industrv’s mai 
ket in 1960. Some 13% of the total 
market was in commercial aircraft con 
struction, the other 2% 
the chemical industry. 
About 17% of titanium shipments 
were scheduled for use in missiles 
(substantial amounts are incorporated 
into Atlas, Titan, Polaris, Sidewinder ) 
and in boosters and space vehicles 
such as Ablestar, Agena and Mercury. 
Another development was a tech 
nique for welding titanium to steel 
an accomplishment that will permit 
using thin-gage titanium for lining of 
vessels, tanks, and ductwork at prices 
competitive with rubber and mem 
brane equipment 7 


was sales to 


Doctorates Reach 
All-time Peak 


Wasnincron—The number of engi- 
neers and scientists earning doctorates 
reached an all-time high of 5316 in 
1959, according to the National Sci 
ence Foundation. This compares with 
4973 doctorates for the previous year. 

Of 1959's total, 705 degrees went 
to engineers. Largest single specialty 
was chemical engineering with 155 
doctorates; electrical engineering fol 
lowed with 127; mechanical with 85; 
metallurgical engineering and metal- 
lurgy with 66; and engineering me- 
chanics with 48. 

Chemistry 
number of doctorates, granting 1026 


produced the largest 
new degrees. Phychology added 811; 
physics, 522; and mathematics, 301. 

Che survey further noted that, on 
the average, 8.3 years elapsed between 
the first engineering degree and the 
doctorate. About 4.4 years was taken 
up with jobs that provided profes 
sional experience. . 
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Man-made Diamonds Get Bigger 





ONE INCH 
The high-temperature, high-pressure research program at General Electric 
Research Laboratory has produced diamonds over a carat in size. They are 
dark in color and, because of structural imperfections, lack sufficient mechani- 


cal strength for industrial application. 
dressing tools, dies and single-point cutting tools. 


Full-carat diamonds can be used for 


The largest diamonds of 


industrial quality being made at GE now are 1/10 of a carat for metal-bonded 
diamond wheels and saws; they are not yet commercially available. 


Congress Forewarns of Space Metal Shortages 


Wasnincron—A warning of special 
shortages of nine space-age metals in 
the vears ahead has been sounded by 
the Joint Congressional Committee on 
Defense production. 

Ihe metals are tantalum, colum 
bium, molybdenum, bismuth, _ tita- 
nium, tellurium, platinum, palladium 
and hafnium. Consumption of these 
materials for missile and space-vehicle 
applications now runs essentially at ex- 
perimental rates, the committee said. 
But “significantly larger amounts” are 
likely to be used in the near future as 
applications are refined. 

I'he committee based its report on 
information supplied by the Interior 
Dept. The committee steered clear of 
specific recommendations on what the 
government about the 
potential scarcity, called only for an 
over-all program to assure that the 
nation will have sufficient metals and 
minerals, particularly in the area of 
space and missile requirements. 

Metals cited by the committee have 


should do 


been covered in the past by govern 
ment programs aimed to spur expan 
sion of mining and processing facili- 


ties. But the programs have slowed 
down in recent vears. The titanium 
expansion program, for instance, was 
scaled down when defense require 
ments for the new metal failed to 
come up to official estimates. 

Advisors to Pres-clect Kennedy have 
mentioned the possibility of increased 
stockpiling of certain finished prod 
ucts. But there’s been little serious 
talk of accelerated stockpiling for raw 
materials 

—Mort Reichek, 
Washington News Bureau 


Canada’s Engineering 
Shortage Diminishing 


Orrawa—Canada’s shortage of engi 
neers and scientists has passed its peak 
and the next three years are expected 
to bring a balance in demand _ that 
will allow employers to pick candi 
dates more carefully, the Labor D« 
partment forecasts 

Its information is based on findings 
of a recent meeting of the advisory 


continued on page 20 


CIRCLE 18 ON READER SERVICE CARD--> 











-es3 


~~ 


You get MORE THAN A MOTOR with 


General Electric’s Form G...for example... 


Years Ahead 


Design 
Leadership 








° 


- > '.3 > 
mites” 


Form G leadership among fhp motors isn’t acci- 
dental. We work hard at it, constantly improving, 
constantly innovating. We’ve found it’s the best way 
to help our customers keep ahead of the changing 
demand in their industries. It’s good business on 
our part. It’s good business on your part too... to 
make sure you get the advantages a years-ahead 
motor can offer your product. 

In addition to design leadership, you get these 
MORE THAN A MOTOR benefits with General 
Electric Form G motors: Ease of Assembly ... Expert 
Application Aid ... On-time Delivery ... Versatility 
Personified ... Fast, Local Service. 











THESE YEARS-AHEAD FORM G MOTOR FEATURES 
MEAN LONG LIFE, RELIABLE PERFORMANCE 


1. RELIABLE SWITCH — Centrifugally-operated 
switch has been life-tested to last for more 
than 3,500,000 operations. Dependable switch 
mechanism operates with positive snap action. 


3. RUST-RESISTANT SHAFT—Special gunmetal- 
like treatment of motor shaft resists rust and 
corrosion, simplifies product service. Fans, 
pulleys, and couplings are easy to remove. 


5. THRUST PROTECTION—Interlocking washer 
assembly withstands normal thrust from any 
direction, regardless of motor angle; also acts 


as an oil seal for long motor life. 


* Reg. Trademark of Du Pont Co. 


2. LONG-LIFE STATOR—Heavy-duty stator 
bonding dip and Mylar* insulation protect 
against damage caused by heat, stress, mois- 


ture. Stator clamps provide additional rigidity 


4. LONG-LIFE LUBRICATION—Over 50% more 
oil than in old-design motors and an efficient 
oil retention system contribute to motor’s 


doubled lubrication life; cut maintenance. 


6. COMPLETE LINE—Over 850 basic models 
—and literally thousands of variations—mean 
there’s a standard Form G motor to meet your 


product’s exact requirements 


and 56 frames. For more information, call your G-E 
Sales Engineer or write for bulletin GEA-6424 to Sec- 
tion 721-06, General Electric Co., Schenectady 5, N. Y. 


You receive these added values at no extra cost. 
So why settle for less? 
Form G fhp motors are available in NEMA 48 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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continued from page 17 
committee on professional manpower 
studying the problems of scientific 
training and demand in Canada. 

Leveling-off in demand will be most 
noticeable in the fields of electrical 
and mining engineering, while rela- 
tively high rates of employment ex- 
pansion will prevail for metallurgical, 
mechanical, civil, and chemical engi- 
neers, the report says 

The trend in demand in the last 
few years shifted from a peak shortage 
from 1955 to 1957, followed by a 
leveling-off in the following three 
In the future, Canadian uni- 
versities are expected to mect the de 


vear;rs. 


mand from industry. 
—George E. Toles, Buffalo Bureau 


Shortage of Engineering 
Execs Persists 


New Yorx—Executives for managing 
engineering activities of small- and 
medium-size companies are still in con- 
siderable demand, according to the 
Executive Manpower Corp. Of the 
178 companies it surveyed recently, 
23.3% say they 
head up their engineering activities. 
Last June, 22.4% so reported (PE 
July 25 ’60, p. 20). 

As was the case last June, sales ex- 


are seeking men to 


ecutives are in the greatest demand, 
55 77 


with 32.7% of the surveyed companies 
Another 15.8% 
of the companies are looking for manu 
facturing production executives and 
10.4% for financial officers. Sales and 
engineering executives are expected to 
be hardest to find. 


reporting vacancies. 


In general, the salaries offered engi 
neers are lower than for other execu- 
tive classes, FMC finds. About 60% 
of all executive openings offer salaries 
between $10,000 and $15,000. But 
85% of the engineering vacancies are 
restricted to this salary range. Only 
one company reported an engineering 
vacancy paying more than $20,000 
compared with eight sales and eight 
manufacturing production positions. 

I'he survey covered industries rang 
ing from fabricated metal products 
through wholesale-retail 
and building products. 


distribution 
Largest re 
sponse came from fabricated metal 
products and machinery (excluding 
electrical) companies. The firms were 
located in 33 states, with the bulk in 
the industrial East. * 
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Its Job Is High-voltage Output 


— 








Up to 350,000 v de is the output range of this power supply designed by Sor- 
ensen & Co Inc, a subsidiary of Raytheon Co. It is for diverse applications 
including dielectric testing of cables and klystron apparatus, particle acceler- 
ators, and the study of high-voltage discharges. Unit is oil-insulated and uses 
selenium rectifiers to increase reliability and reduce over-all size and weight. 
It’s said to give continuous current of 8 milliamps at any output voltage setting 
and offers 27 RMS ripple—which can be reduced to 0.01% with auxiliary filters. 


Research on Welding and Metals Ups Product Quality 


SEATTLI 
engineers at Boeing’s Aero-Space Div 


Design and manufacturing 


are using many new processes, fabricat 
ing techniques, and materials as the 
result of an intensive research pro 
gram. 

A newly introduced aluminum alloy 
Alcoa X-2219, is one example. It is 
being used for Bomarce “B” fuel tanks. 
‘he metal possesses, according to Boc 
ing, superior weld ductility and con 
sistent mechanical properties in sheet, 
forging and rolled rings. 

Another These tanks 
are being welded using solid titanium 
backup shoes on an expanding man 
drel. Acceptable one-pass girth welds 
can be made over the solid shoes at 
20 to 30% higher travel speeds than 
previously possible. Ihe 6Al-4V 
titanium shoes keep the weld puddle 
molten for a 
power-nput 


innovation 


longer time, reduce 
requirements, increase 
backup-tool life, reduce part and tool 
distortion, and assure more consistent 
weld quality. 

In another development relating to 
tungsten inert-gas welding, Boeing has 


new procedures for welding +330M 
and 17-7 PII steels. Studies proved 
that surface oxides definitely affect arc 
stability during welding. ‘The surface 
oxides on 4330M repel the are while 
oxides on 17-7 PH under certain con 
ditions attract the arc 


NEW WAYS TO WELD 


Before Boeing welds 4330M, oxides 
are removed from all surfaces at and 
adjacent to the joint, and the surface 
clectrical-resistance tests are made on 
work-hardened parts to determine re 
sistance uniformity. When welding 
17-7 PH, oxides are removed from filler 
wire and magnetic properties are 
checked when parts are in martensitic 
condition to assure uniformity. Boeing 
plans further work on the effect of 
fluxes such as cesium chloride and 
barium chloride to develop positive arc 
blow control in welding 17-7 PH. Also, 
manufacturing-development engineers 
have reached the conclusion that auto 
matic torch guidance will be required 
in welding some joint configurations. 
Advanced techniques in fabricating 
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tanks, such as integral welding, long 
continuous welding, and high-speed 
welding, can’t depend on operator skill 
to set and maintain torch alignment 
on joints 

—Ray Bloomberg, Seattle Bureau 


Median Pay for US Scientist 
in ‘60 Was $9000 


Wasnincton—Median annual salary 
for US scientists during 1960 was 
$9000, according to a questionnaire 
survey conducted by the National 
Science Foundation. This means that 
half the 110,000 scientists who re- 
sponded earn more than $9000 and 
the other half earn less. Survev data 
were obtained by NSF’s Register of 
Scientific and Technical Personnel. 

Other statistics calculated from the 
survey include: 

Median gross professional income 
of all scientists during 1959 was $10,- 
000 a year—the $1000 difference be- 
tween this and the 1960 median figure 
is probably accounted for by supple- 
mentary income, consulting fees and 
royalties 

Highest median salaries for 1960 
were reported by those scientists work- 
ing in industry, those with a doctorate 
and those engaged in management 
and ‘or administrative duties. 

Nearly half of the registrants (250,- 
000 were mailed questionnaires) re- 
ported their foremost specialty was 
either in chemistry or the life sciences 
Some 10% designated physics and 9% 
said mathematics. 

Of the employed scientists, 60% 
reported having advanced degrees; 
37% had a doctorate and 23% had a 
master’s 

Median age for full-time employed 
scientists was 38; however, 4 reported 
having 20 or more years of professional 
experience and 60% had 5 to 19 vears’ 
experience. 

\ total of 47% reported being em- 
ployed in private industry, or self- 
employed, 27% were employed by 
educational institutions, 13% by the 
federal government, and 5% by non- 
profit organizations; about 2% were on 
active duty with the armed forces or 
were serving with the US Public 
Health Service. 

Most frequently reported work ac- 
tivity was research, development or 
design (38%); second was manage- 
ment or administration (27%); 15% 
were in teaching. . 
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Deep-drawn Parts from H-11 Steel 


Drawn hollow shapes are substantially less expensive than cutting from bar 


stock. 


Pressed Steel Co to a 1-in.-dia cup 53 in. high. 


AISI-SAE H-11 steel has been drawn in six passes by Worcester 


The 0.065-in.-thick samples for 


the draw were supplied by Universal Cyclops and Vanadium Alloys mills. The 
initial 40% reduction, made with tools developed for low-carbon steels, formed 


a 2.7-in.-dia cup from a 4}-in.-dia blank. 


Successive redraws, with annealing 


at 1440 F followed by air cooling between steps, gave reductions of 27%, 21%, 


10% and 11%. 


Cup analysis showed a spheroidized microstructure and no 


measurable decarburization. Tensile strength was about 111,000 psi. This is one 
of many new applications possible with high-strength steels. A full report on 
these materials will appear in next week’s issue of PRopUCT ENGINEERING. 


Man-in-space Program Up for Inspection 


W asnincton—America’s multimillion- 
dollar Project Mercury man-in-space 
program is sure to be hauled up for 
public inspection soon. ‘There is no 
question about the US being in a race 
with the Russians to put the first 
astronaut into space for propaganda 
reasons. The US program has been 
going through a series of setbacks in 
recent months—but last Dec 19, the 
National Aeronautics and Space Ad- 
ministration achieved a near perfect 
successful test shot in the Mercury 
series. This was when an unmanned 
Redstone Rocket was sent some 235 
miles down the Atlantic Missile Range 
and then was recovered. 

The successful test, however, was 
preceded by two complete failures and 
one partial success. ‘These have given 
rise to criticism that the US is falling 
behind in its announced schedule of 
having a man in space by the end of 
1961. 


GLENNAN TO DEPART 


The new Administration is sure to 
take a hard look at the program after 
appointment of a new administrator 
for the space agency—Dr. T. Keith 
Glennan submitted his resignation ef- 
fective Jan 20, the day Sen Kennedy 


becomes President. Glennan plans to 
return to the Case Institute of Tech- 
nology. Congress, too, will likely 
want to take a look at the program 
early this year—particularly if test 
shots planned for January and Feb- 
ruary are plagued with failures or mal- 
function in any way. 

Adding to the 
behind-the-scenes hassle that has de- 
veloped about publicizing the Project 
Mercury program. NASA has pre- 
pared a film showing the steps taken 


controversy is a 


to get a man into space and back, but 
top officials of the agency won't re- 
lease the film. They claim poor tech- 
nical quality of the film is the reason. 
Close sources say the officials are really 
afraid to publicize the program before 
it is closer to success 

Soviet progress toward sending a 
man into space is being spread around 
the world in a Czech-made film. Our 
National Academy of Sciences ob- 
tained a copy of the film and has been 
giving private showings. Done in 
technicolor, it shows weightlessness, 
isolation and other tests being con- 
ducted. The US Information Agency 
reportedly wants to use NASA’s film 
in an effort to counter this Russian 
propaganda. s 
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DESIGN 

SAFE, DURABLE 
FLEXIBILITY INTO 
YOUR LINES with 


LHINSAN 


SW UW leh 
YOUN TS 


Whenever you apply Chiksan swivel joints, 








you get a line that lasts longer and reduces 


maintenance costs for years to come. 
Flexing in predetermined arcs, Chiksan 
joints eliminate common causes of line 


failure due to tight bends or torsional 





wide hose loops, Chiksan joints permit 
shorter, more compact lines. In fact, 
wherever fluid or air lines require flexibility, 
Chiksan swivel joints can provide a 
direct and lasting benefit. 

Chiksan joints are available from stock 


in a wide range of materials, temperatures 
d a 5 t t a ti ll ; SHOCK, HIGH PRESSURE STEAM DOESN'T FAZE 
and pressures, to meet practically every THESE CHIKSAN JOINTS~—A 2000 pound dropforge with 
" i : , high pressure steam sets up a rough set of service conditions. 
design requirement. Write Chiksan These Chiksan swivel joints replaced flexible metal tubing which 
was going out in two and three weeks. Joints have been in service 
for over five months and customer reports good service to date, 
expects years more. 


Company, Brea, California, today 


for a catalog and the name of the 
SEND FOR YOUR COPY OF THIS COMPREHENSIVE 


yepresentative in your area. AND INFORMATIVE SWIVEL J OINT CATALOG. 
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FLEXIBLE CHEMICAL LINES? CHIKSAN HAS 
THE ANSWER-Providing needed safety for a loading 
arm to handle sulfuric acid (as this Chiksan joint is doing) 
or most any chemical is an everyday occurrence with Chik- 
san joints. Over 2000 different types, styles and sizes in a 
variety of temperature and pressure ratings are available 
for your design needs. 


ort 


oo lo 


SWIVEL JOINTED JUMPER SYSTEM SOLVES 
MANIFOLD PROBLEMS-Moving large quantities of 
differing liquids from barge to storage tanks posed a prob- 
lem. A closed system wasn’t practical because of contami- 
nation due to leakage or accidental opening of a valve. 
Use of a Chiksan swivel jointed jumper system provided a 
solution that eliminated cross contamination. 





Name ————— 


A SUBSIDIARY OF FOOD MACHINERY AND CHEMICAL CORPORATION 


ee 


RUPTURE PROOF LINES FOR HIGH PRESSURE 
HYDROTESTING-Critical lines take on a new measure 
of safety with these flexible steel swivel joints. In service 
on a pipe testing machine, these lines receive up to 1000 
pounds of pressure and more every five seconds as lengths 
of new pipe move through the testing machine. Only occa- 
sional service is required to keep these joints in top work- 
ing condition. 


CONSTANT FLOW CHARACTERISTICS ALLOW 
PRECISE CONTROL ~—Heat treating furnaces require 
exacting temperature control. Previous experience with 
flexible hose indicated too much variation in flow character- 
istics. By using swivel joints and metal piping, company 
engineers were able to design a supply line system that 
insured desired control. 


Please send me a copy of your latest catalog. 





ON, i 





Tite.._.___. 


City 
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TRENDS IN INDUSTRIAL DESIGN 





Two Examples of Product Development 


MILITARY 


CONSUMER 


KAMAN’S UTILITY HELICOPTER 

When the US Navy announced a design competition for a 
new utility helicopter—with emphasis on air-search and 
rescue operations—it thoroughly defined the craft’s re- 
quired capabilities. Navy also specified some of the decisive 
design factors, such as the use of a gas turbine powerplant. 
The copter had to be operated by two men and be able to 
take off from a carrier, battleship, cruiser or similar naval 
craft, fly 200 miles, hover while picking up 4 survivors, and 
return. The new craft had to do this in all kinds of weather, 
and with greater speed, climb rates, controllability and 
stability than present equipment of the same type. Ability 
to remain afloat—and stable even in heavy seas—for at 
least 2 hours was also required. A 1000-hr period between 
overhauls was specified, and all repairs were to be accom- 
plished with a minimum of special tools. 
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Helicopters and floor cleaners certainly have little in com- 
mon. But the examples described here do share some- 
thing: Each represents a new departure for its manufac- 
turer. The “Seasprite” is Kaman Aircraft Corp’s first ven- 
ture into single-rotor helicopter design, and it also reflects 
changes—some of them outward and affecting appearance 
—wrought by the improvements in power-to-weight ratios 
characteristic of today’s “new generation” of helicopters 
—those powered by gas turbines instead of reciprocating 
engines. The Bissell Carpet Sweeper Co’s new floor cleaner 
is its first powered machine, and it, too, is typical of a 
coming trend in its field, the combining in one unit of 
floor-washing and vacuuming functions. 

In both cases, the customer was acknowledged to be 
final judge of the product’s effectiveness, but with the 
copter, the customer (US Navy) specified exactly what it 
wanted and would buy—in writing, and voluminously. 
All of Kaman’s competitors were given exactly the same 
information about their potential market. Bissell, on the 
other hand, had to rely on the informed guesses of its engi- 
neers, industrial design consultants and marketing special- 
ists. 

For further details on the Kaman helicopter see page 44. 
For details of floor cleaner, see “Product Designs” in next 
week’s issue. 


The competition was won by Kaman Aircraft Corp, 
Bloomfield, Conn, with its “Seasprite,” the HU2K-1, now 
being delivered to the fleet. When used for troop-carrying, 
the ship will actually accommodate a pilot and 14 passen- 
gers. It can transport a variety of cargo (payload capacity 
is big enough to accommodate submarine attack weapons 
plus the latest detection equipment). The copter has a nor- 
mal gross weight of 7378 lb; main-rotor diameter of 44 ft; 
operating length of 52 ft, 2 in.; over-all height, 12 ft, 5 in. 

Servo-controlled flaps provide main-rotor control. This 
system is based on an aerodynamic approach to rotor-blade- 
angle control, as distinct from the mechanical linkage used 
in variable-pitch propellers and other helicopters. Because 
the flap is mounted on the blade itself and is itself directly 
and immediately affected by the same forces that tend to 
upset correct rotor-blade tracking, only fingertip pressure 
is needed on the HU2K-1’s controls—-and this without any 
booster system. 

Kaman adopted for the HU2K-1 a more traditional fuse- 
lage shape, to obtain greater streamlining and torsional 
strength. This fuselage has a watertight hull, with inflat- 
able sponsons positioned to provide stability in heavy seas. 
Both landing gear and rescue hoist (capacity 600 Ib) are 
retractable, adding to the craft’s speed capabilities. There 
is also a 4000-lb external cargo hook. Like all shipboard 
helicopters, the “Seasprite’s” rotors fold for storage. Un- 
folding preparatory for flight takes 1 min. 

The topside location of the GE T-58 turbine improves 
accessibility—access panels become work platforms when 
opened. A hoist designed to fit in fuselage door is used to 
lift out and replace any of the drive system components, 
rotor blades or turbine. 
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Above, sketches of industrial designer's earlier suggestions. 


The final product, including both vacuum and washing units 


BISSELL’S FLOOR CLEANER 


A product line encompassing wall-to-wall cleaning cap- 
ability was proposed by Bissel’s engineering and market- 


ing research staffs as the best answer to the curious sales 
position of this manufacturer’s long-famous, hand-powered 
carpet sweeper. Although its sales were continuing to rise, 
the carpet sweeper’s share of the floor-cleaning-equipment 
market was shrinking, because of the competition of pow- 
ered products. 

Preliminary plans and sketches for two separate ma 
chines were made, a washer for ceramic, plastic and ma- 
sonry surfaces; and a vacuum unit for rugs and bare floors 
Once approved, copies of these proposals were given to 
Peter Muller-Munk Assoc, industrial designers of Pitts- 
burgh. 

Their first suggestion was to combine all functions in 
one machine, and they submitted sketches and engineer- 
ing drawings of both interior and exterior arrangements 
indicating how it might be done. As the accompanying 
sketches indicate, many other arrangements of components 
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Below, working drawings of handle 


oo * 


and material specifications were worked out before the 
present design was adopted 

The new floor cleaner, now on the market, consists of 
a power unit with control handle that uses a luggage-type 
clamp to snap onto two different bases. The floor-washing 
unit has a tank for storing a detergent solution, another for 
dirty wash water which it sucks off the floor when the job 
is completed. Incorporated in this second tank is an anti 
sudsing (or antifoaming) compound in cake form; which 
requires periodic replacement. The second unit is a vac 
uum cleaner of the upright type distinguished by having 
its motor mounted above its cylindrical body or tank 

Except for sucking up the dirty scrub water, the floor- 
washing unit leaves it up to the user’s weight and muscle 
to perform the actual cleaning; on the other hand, there 
is the fact that the machine makes it possible to do this 
while standing upright. The entire product is refreshingly 
free of meaningless decoration and gives the impression 
of being capable of the job it was designed for. 
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| READER TO EDITOR | 


*/ U ¢C 4 33 « L i Screw or Bolt—What Difference? 


To the Editor: 
In your last Design Digest Issue (mid- 
September, p 337) you discuss the dif- 


ference between screws and bolts. In 
Europe the classification of screws and 
bolts is determined by the amount of 
torque required—a screw is a threaded 
fastener that can be driven by a tool that 
applies a limited and low torque (like a 
screwdriver). A bolt is a threaded fastener 
: ‘ “ nr requiring a tool that produces high torque 
INSTALL a le 4 by means of leverage (like a wrench). 
RS a - | Why should we be confused here in 

py . Mies — © | America? —A H Hasrer 

UP TO me Ss Se Development Engineer 


Cherry-Burrell Corp 


30 PER | - P , | Little Falls, NY 
MINUTE! *hOAn a , e Why indeed? Sounds like a good idea; 


any American takers?—Ed 











It Takes More Than PhDs 


To the Editor: 

In your issue of Nov 21, ’60, p 24, the 

question asked in “Points of View’ is 

“Are Advanced Degrees Essential to R & 

D Work?” The impression given by the 

viewpoint expressed by these various men 

seems to be that if you hire enough PhDs 

and then turn a crank, the PhD-equipped 

machine will turn out new inventions just 

as rapidly as you turn the crank. I am not 

one of those who decries formal education. 

I wish only that I had more of it. In some 

ways, however, the PhD degree means 

less than it did a few years ago. Many 

earn their PhD’s without ever leaving 

SAVE UP school to get a background of experience 
in actual work. 

TO rhiVA This does not lead to the best utiliza- 

tion of the advanced instruction, since it 

INSTALLED tends to set the mind in a mold and de- 

creases its flexibility. In my experience 

COST! working with quite a number of PhD’s, 

ef I have encountered many who were ex- 

tremely narrow-minded. I am unable to 

offer an opinion as to whether it was an 

HEAD STYLES individual trait. It seems that most of the 

R & D programs are primarily directed 


The versatile Huckbolt fastener can show you worthwhile toward further development of a_ basic 
thing invented by some other person, and 


savings over most other fastening methods. this type of work is desirable 
These modern, efficient fasteners are available in diam- We must not forget, however, that 
: : ideas are no respecters of persons. A new 
eters, grips, headstyles and metals to meet your require- and challenging idea would just as soon 
ments. land with an uneducated person as with 
j ; . a highly educated person, if the person’s 
Lightweight, easy-operating Huck power or hand tools mind is rec iin. Receptivity Pe new 
can install these fasteners with absolute uniformity up ideas and advanced education do not nec- 

to 30 per minute in the hands of one unskilled operator. essarily go hand in hand. 

‘ F From the field standpoint, some of 
Your Huck fastening engineer will gladly help you. these new developments are unusually 
complicated, difficult to service, and ex- 
pensive to maintain. It is my opinion that 
much of this results from one part of the 
design being done by one group, another 
| part by another group, still another part 
MANUFACTURING COMPANY by a third group, with no one accepting 
any responsibility for the over-all behavior 
of the equipment. This unnecessary com- 


2480 Bellevue Ave. © Detroit 7, Mich. © WAlnut 3-4500 plication is expensive to the industrial 
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purchaser, expensive to the retail pur- 
chaser, and even more expensive to the 
taxpayer. 

I should like to make one observation 
which I believe cannot be successfully 
challenged. All new inventions in a new 
field are made by amateurs. In a new field 
there are no professionals, for the simple 
reason that there is nothing in the new 
field for anyone to have been professional 
about. Much of our research and develop- 
ment is directed toward improving things 
that probably should be discarded. One 
question I have about the engineering 
team or committee may be summed up in 
this statement: A camel is a beast that 
looks very much as though it may have 
been designed by a group and assembled 
by a committee. As I am in the instru- 
ment business, I have had more than my 
share of the camels of the instrument 
industry. Some days it seems that we do 
not need a microscope with which to 
look at the trees so much as we do to 
back up and take a look at the forest. Let 
our foundation for engineering work be 
broader and not narrower. Let us examine 
the woods as well as the trees. 

—W H Sayer 
Specialty Sales Co 
Salt Lake City 


COMING EVENTS 
JANUARY 


16-19 . . . . Instrument Society of Amer- 
ca, Winter Conference & Exhibit, St. 
Louis 


29-Feb. 3 .... American Institute of 
Electrical Engineers, Winter General Con- 
ference, NYC 


FEBRUARY 


1-3... . Institute of Radio Engineers, 
Winter Convention on Military Electron- 
ics, Biltmore Hotel, Los Angeles 


7-9 . . . . Society of the Plastics Indus- 
try, 16th Annual Technical & Manage- 
ment Conference, Edgewater Beach Ho- 
tel, Chicago 


14-16 . . . . Society for Nondestructive 
Testing & Southwest Research Institute, 
2nd Annual Symposium on Nondestructive 
Testing of Aircraft & Missile Components, 
Gunter Hotel, San Antonio, Texas 


15-16 . . . . Institute of Radio Engi- 
neers, American Institute of Electrical En- 
gineers, 8th Annual International Solid- 
State Circuits Conference, Univ of Penn- 
sylvania & Sheraton Hotel, Philadelphia 


American Institute of 
Mining, Metallurgical & Petroleum En- 
gineers, Chase Park Plaza & Ambassador 
Hotels, St. Louis 


For a current listing of addresses of so- 
cieties and associations send 25¢ to Prop- 
uct ENGINEERING Reader Service Dept, 
330 W 42nd St, NY 36. Ask for bro- 
chure, R 32. 
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COMPLETE RELIABILITY 
A GY 


in Hydraulic 
ransmission 


When stamped on Anchor 
hydraulic components . . . the 
Anchor emblem is your definite 
assurance of constant, uniform 
quality in design, engineering 
and manufacture. . . and com- 
plete reliability in hydraulic 
transmission lines. Anchor 
fluid power components elimi- 
nate equipment downtime. . . 
production delays . . . idle 
manpower. 


Anchor’s comprehensive line 
of Hydraulic Hose Assemblies 
with Pressed-On, Reusable, 
Clamp-Type or 4-Bolt Split- 
Flange “O” Ring Head Cou- 


ANCHOR HOSE ASSEMBLIES with 
Pressed-On Couplings for maximum 
working pressures from 12,500 PSI to 
100 PSI. 


ANCHOR REUSABLE, CLAMP-TYPE, 
DULOC and/or HOLD-FAST COUP- 
LINGS for pressures from 5000 PSI 
to 100 PSI. 


plings . . . Hydraulic Hose... 
Adapters, Adapter Unions, 
Pipe Fittings, and SAE Boss 
Fittings with the greatest va- 
riety of thread combinations — 
pipe, J.I.C., SAE — give long 
life, uninterrupted trouble-free 
service ... with minimum 
maintenance. 


Today .. . as it has been for 
over 20 years ... Anchor is first 
choice among original equip- 
ment manufacturers. 

Send for the Condensed Cat- 
alog . . . to help you choose the 
right Anchor hydraulic compo- 
nent for your equipment. 


ANCHOR 4-BOLT SPLIT-FLANGE “O” 
RING HEAD COUPLINGS for pres- 
sures from 3500 PSI to 100 PSI. 


ANCHOR ADAPTERS, ADAPTER 
UNIONS, PIPE FITTINGS, SAE BOSS 
TYPE FITTINGS in variety of styles and 


sizes, and thread combinations. 


Andy Anchor says: “Remember . . . the Anchor emblem is our 
‘Pledge of Performance’. . . always! You increase the sale- 
ebility of your equipment with Anchor fluid power components.” 


ANCIHOR Coupling Co.Inc. 


392 North Fourth Street, Libertyville, tl. 


Branch Plants: Dallas, Tex., Plymouth, Mich. 
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VULCAN 
FINNED HEATERS 


You get a lot of hot air with 
Vulcan Finned Strip or Tubu- 
lar Heaters in such applications 
as blower type electric unit 
heaters; duct heating; unit 
convection heating; as oven or 
space heaters in dryers, pump 
rooms, etc.; baseboard room 
heaters and many other 
applications. 

And this is no “hot air’: 
Vulcan Finned Heaters provide 
six times more effective heat 
transfer surface than similar 
non-finned elements. They are 
available in a wide range of 
sizes, wattage and voltage rat- 
ings, sheath materials, and 
terminal construction. Finned 
tubular heaters may be formed 
in a variety of hairpin bends. 


Write for catalog and prices. 





VULCAN 

















Jets as you like ‘em 


You can design your own plane or duplicate 
most any jet fighter you see with a 44-piece 
kit now being introduced by Pyro Plastics. 
The kit includes nosecone, covey of fuselage 
sections, four types of rudders, and other as- 
sorted parts that snap together (no cement 
needed) to form anything from a MIG to 
Mystere. All of the parts are coded and a 
sliderule (see photo) shows how to combine 
them. Pyro says the design is “computer vali- 
dated,” and more than 4000 combinations are 
possible. Retail price: $3.98. 


Facts at your fingertips 


Facts on fibers, including a glossary of textile terms, tables of physical prop- 
tries and tradenames for man-made fibers are contained in a compact (23 by 43 
in.) well-organized 72 page booklet available free from Product Information 
Office, American Viscose Corp, 1617 Pennsylvania Boulevard, Philadelphia 3. 

Facts about home appliances, tips that can aid even the most wary, are con- 
tained in a 16-page printed booklet offered by National Better Business Bureau. 
It gives the lowdown on contracts, guarantees, and warranties, compares advan- 
tages and disadvantages of various types. It’s one of a series that also includes 
leaflets on buying cars and buving a building or home. They're 15¢ each from 
NBBB. 

A veritable library of free information—both personal and technical—is avail- 
able from Cities Service Petroleum Inc. Among its publications: an excellent 
basic text, Explaining the Gasoline Engine (38 pp, 6 by 9 in.), and a series of 
leaflets on such topics as how to cut desk work, and “‘self-analysis for the 
supervisors.” Also available from same source are a number of booklets and 
leaflets on similar topics published by other companies. Complete listing may 
be had on request to the Cities Service Dept of Business Research & Education, 
Room 1702, 60 Wall St, New York 5. 


For sophisticated doodlers 


A drawing instrument specifically designed 
for those who sketch out their ideas on a paper 
pad, rather than settle down to work at a fully 
equipped board, is offered by Country Engi- 
neering Co, Danbury, Conn. Called the Poly- 
angle, it adjusts to pad width, slides up and 
down to draw parallel lines, has a spring- 
loaded angle arm. The photo shows how it’s 
used. Price: $1.95, complete with plastic 
carrying case. 


Delrin bows for consumers 


Moldability that makes it possible to form intricate markings 
like the bows pictured here, plus strength, rigidity, stain re- 
sistance, and a chemical resistance that enables it to stand 
aerosol propellants—these are bringing Delrin acetal plastic 
new consumer as well as engineering jobs (PE—Nov 3 ’58, 
p 12). This particular aerosol container, first of its kind, 
is molded in two sections—in different colors—and then 
spun-welded together. Molded-in valves, now under develop- 


i Wa ELECTRIC COMPANY, Danvers, f 
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ment, should make cost fully “competitive.” —ARG 
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Here’s data 
on the ideal pump for 
design applications 


Announcing 


D E LAV AL New Bulletin 3200 contains all the data 


you need on De Laval IMO constant- 
displacement, rotary, screw type 
pumps. In its pages you will find 
(1) extensive application data including 
charts on fuel oil, SAE oil, and turbine 
oil viscosities; (2) selection 
information, including specific 
Pump examples; (3) complete performance 


data on each IMO model as well as 


4 | tl (4) dimension drawings and tables. 
| IN Write today for your copy of this 
valuable, 40-page bulletin on the 
unique IMO pump. 














DE LAVAL STEAM TURBINE COMPANY - TRENTON 2. NEW JERSEY 


Dm STEAM TURBINE COMPANY 
ou-ss08 801 NOTTINGHAM WAY, TRENTON 2,N. J. 
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NEW DEPARTURES IN MINIATURE 
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ULTRA-CLEAN INCUBATORS FOR M/i* BALL BEARINGS 
N/D'S NEW WHITE ROOM PROVIDES ULTRA-CLEAN ENVIRONMENT FOR M/I BALL BEARING ASSEMBLY 


N/D announces a new White Room at Sandusky, Ohio incorporating the latest technological 
advances available today. This new room provides a virtually dust-free atmosphere so neces- 
sary for the production of Miniature and Instrument Ball Bearings of high reliability. 


Environmental controls within the room hold temperature to plus or minus 1°... with maximum 
relative humidity only 40%. Final air filtration into room removes particles larger than 3/10 
micron. A complete air change is made every three minutes. All authorized personnel enter- 
ing the room are thoroughly bathed by air showers in two successive deduster chambers. 


You can benefit from New Departure’s 25 years of experience in M/I ball bear- — 1 

ing production by calling your nearby N/D Sales Engineer. Or write Department >) SEND FOR NEW DEPARTURE'’S 
oe : : M/I BALL BEARING CATALOG 

L.S., New Departure, Division of General Motors Corporation, Bristol, Conn. hat ypt m ge gegen 
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January 16, 1961 


Turn Back the Clock? 


Some years ago, when the first dial telephones were developed, 
installations were promptly made in Congressmen’s offices. Shortly 
thereafter, a law was introduced to have them removed; it was 
apparently too easy to assign responsibility for wrong numbers. 

At long last, mechanized equipment has been on trial in some of our 
postoffices. So, during the past session of Congress, $.3132 was 
introduced, a bill to prevent “the use of stopwatches or other 
measuring devices in the postal service . . . for the purpose of 
measuring . . . efficiency or for other purposes.” 

King Canute obviously has his modern counterparts in our capital 
city (in this latter case, “King” Kefauver) as well as elsewhere. 

Some of them even try to add a spiritual stamp to their attempts 
to block progress with: “If the Lord had intended us to have. . .” 

The facts are, of course, that nobody has ever been able to stop 
progress for long. And certainly not by passing a law. The civilization 
that dies in one part of the world is succeeded by another somewhere 
else; the emphasis may be different, but some of the ideas are 
transferred. As the radio used to blare, “Time marches on 

And time itself does march on. Last spring, the commercial director 
of a large Swiss watch company told me that the most important 
recent step in watchmaking had been the electric (battery) watch 
and that next would be the electronic one. Now we have the 
electronic one—not by my informer’s company—with a major change 
in mechanism. “It doesn’t tick; it hums’’—and a traditional timing 
mechanism, the balance wheel, is discarded in favor of the tuning fork 
‘his could mean a serious displacement of workers on stamping presses 
in Switzerland, but will that stop progress? Or can the Swiss 
government do it by passing a law—if it would? 

Our future is inevitably tied to technological progress; we have 
built our economy on technical advance. The tide will come in, 
just as it did in Olde England despite King Canute, and in later England 
despite the Luddites. It will come in our postofhces, too, despite 
“King” Kefauver and his successors. It may even be possible to 
deliver a letter again with the speed that Europe has maintained 
without modern devices. 

This is the real crux of the situation—to make certain that 
mechanization really achieves its objectives in time, cost and quality. 
There have been costly experiments that did not—and these can 
stop the clock, but they won't turn it back. 
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This is an actual photograph of “Mylar” undergoing dielectric strength test (per ASTM-D-149). 


MYLAR® has a dielectric strength of 4,000 volts per mil 


Can the unique combination of properties found in ‘Mylar”’ 


help you solve your design problems? 


*‘Mylar’’* polyester film is a tough, flexi- 
ble engineering material. In addition to 
its outstanding dielectric strength, 
*‘Mylar’’ has an average tensile strength 
of 20,000 psi, withstands temperature ex- 


tremes (-60° to 150°C.) .. 
chemicals and moisture. 
On an area basis, tough, thin ““Mylar’’ 
often costs less than heavier, conventional 
materials. “‘Mylar’’ can be laminated, 
embossed and metalized, punched or 


. resists most 


coated. The film won’t embrittle with 
age. “‘Mylar’”’ is available in roll or sheet 
form in a wide range of gauges. 

Find out how the combination of prop- 
erties in ‘“‘Mylar’’ can help you solve 
knotty design problems, improve product 
performance or cut costs. Write for our 
booklet containing detailed information 
on properties and applications. E. I. 
du Pont de Nemours & Co. (Inc.), Film 
Dept., Room P-9, Wilmington 98, Del. 


**Mylar”’ is Du Pont’s registered trademark for its brand of potyester film. 


& 


High dielectric strength helps cut capacitor size. 
Tough, thin “Mylar” with a dielectric 
strength of 4,000 volts per mil for 1 mil film 
(per ASTM-D-149) permits capacitor man- 
ufacturers to reduce size of finished unit . . . 
improve performance and reliability. 


REG. U.S. Pat. OFF. 


BETTER THINGS FOR BETTER LIVING 
.. THROUGH CHEMISTRY 
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SEARINGS 


Described and illustrated here are more than 90 distinct 
roller and thrust bearing configurations. The more 
common ones are compared on the basis of relative load 
capacity and speed limitation. This completes PRODUCT ENGINEERING’S 
survey of rolling-element bearings. The first article, 
“Today’s Ball Bearings—Here’s the Choice,” appeared Dec 12, ’60, p 63. 


NICHOLAS P CHIRONIS, associate editor 


EB ecause there are no clear-cut application distinctions 
between roller and ball bearings, choosing the right one 
for a specific situation calls for judgment based on experi- 
ence. Here are some of the more important points to 
remember when comparing these two types. 

Roller bearings sometimes have lower friction at heavy 
loads, can carry heavier loads, are more rigid, can with- 
stand shock loading better, and are less expensive for the 
larger sizes and heavier loads. 

Ball bearings, on the other hand, have lower friction 
torque at light loads, can run at higher speeds without 
undue heating, come in a wider variety of sizes, can be 
made in smaller sizes, and are more frequently available 
with seals and shields for easy lubrication. Also, they are 
less expensive in cost per pound of load-carrying capacity 
for light loads. 

Thrust bearings are, as the name implies, designed for 
thrust-load applications. They can have rolling elements 
of either the ball or roller type. In general, the same com- 
parisons that held for these two types under radial load- 
ing hold for thrust loading as well. Although most thrust 
bearings are designed strictly for high thrust capacity, a 
few types can withstand radial loads as well. 

The first article in this report presented a roundup of 
precision and commercial ball bearings, and the latest 


Copyright 1960 by the McGraw-Hill Publishing Co Inc 
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bearing materials. The survey is completed here with this 
guide to roller and thrust types. 


ROLLER BEARINGS 


Roller bearings include all rolling-element bearings in 
which there is line contact (in ball bearings there is point 
contact under no load). The shape of the rollers may be 
cylindrical, needle, tapered or spherical. 

CYLINDRICAL ROLLER BEARINGS 
Single-row types 

Cylindrical roller bearings excell ball bearings in radial 
load capacity for a given size because they have line (rather 
than point) contact between rollers and raceways. How 
ever, they cannot take much misalignment. 

When a shaft is misaligned, one end of the roller carries 
a greater proportion of the load than the other end. This 
causes unequal deformation in the roller and results in 
skewing of the rollers during rotation. Rollers are som« 
times slightly crowned to reduce this skewing tendency. 

The low friction of cylindrical roller bearings makes 
them suitable for high-speed applications. In addition, 
under load they deflect to a lesser degree than do ball 
bearings—hence they are often used in machine-tool spin- 
dles where tool deflection must be minimized 


continued, next page 
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1 SINGLE-ROW CYLINDRICAL ROLLER BEARINGS 
Three basic types... 
ee OT. 








Nonlocating type 
and 21 variations .. 











= 








Two-direction locating 





RNS inner 
ring, outer —o, 


meons of spherical outside 
surface. 


RAB Single-flange outer 
ring, inner ring without 
, both rings sepo- 


fig 





RR Single-flange inner 
ring, rollers located by 
snap rings recessed in outer 
ring, inner ring separable. 


RJ Double-flange outer 
ring, single-flange inner 
ring, inner ring separable. 


One-direction locating type 


RM inner ring without 
flange, rollers located by 
cage end rings or internal 
snap rings, inner ring sep- 
arable. 


RNU Inner and outer rings 
without flange, both rings 
separable. 


RW Outer ring with cen- 
ter rail, rollers grooved and 
:etained by split retaining 
ring, separable inner ring. 





RJP Double-flange outer 


RF Double-flange inner 
ring, single-flange outer 
ring, outer ring separable. 


ae 





RK Double-flange inner 
ring, rollers located by 
snap rings, nonseparable. 


RC Double-flange outer 


and inner rings, nonsepor- 
able. 


Rollers are usually 
the inner or outer rings, 


are guided on both rings. 
tions are tabulated above. 


American Standard 


Fig. 1. 


I'wenty-one popular configura 


) 8) 8) 2 8) 8) e 


guided by flanges or snap rings on or 
Occasionally, the rollers 


Code numbers shown are the 
Association’s: 


RS Single-flange outer 
ond inner rings, roller lo- 
cated by snap ring in outer 
ring, inner ring separable. 





Two-direction locating type 


RG Double-flange outer 
ring, single-flange inner 
ring, rollers located by 
snap ring, nonseporable. 


RP Double-flange outer 
acca 
ring seporable. 


Cit} 


“locate” the 
locating 


shaft axially in the housing. 
types are for applications where the shaft should 
be free to float in both directions. 
restrict the shaft in one or both directions. 
most companies, how the 
ever, employ their own code-numbering system. 


bearings are used in combinations; 


RY Double-flange inner 
ring, single flange outer 
ring, rollers located by 
snap ring, nonseparable. 


RT Double-flange inner 
ring with one loose rib, dou- 
ble-flange outer ring, inner 
ring separable. 


RAA Single-flange outer 

and inner rings, both rings 

separable. 

The non- 
The two other types 


Frequently, 
for example, a 


two-direction locating bearing on one end of the shaft 


I'he bearings are grouped according to ability to restrain 
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COMPARISONS: LOAD AND SPEED CAPABILITIES 


Relative load capacity 


Some general comparisons can be made 
of the relative load capacities of the major 
roller bearing types: 

For light loads, the tapered roller bear- 
ing is a good candidate, because its cost 
per pound of load-carrying capacity, as a 
tule, is favorable in the small-size range. 

For heavy loads, the roller bearing has 
a high capacity in relation to its dimen- 
sions, which is the result of greater area 
of contact between rollers and races. 

The table below gives a general idea 
of the relative load capacities of the major 
roller bearing types. It is based on data 
prepared by SKF Industries for the Navy's 
Bureau of Ships. It is not an absolute 
guide—ultimate selection depends also on 
considerations of speed, housing design, 
lubrication and cost factors. 


Speed-limit calculations 


Three main factors influence permissible 
speed of ball and roller bearings: 


1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
04 
0.3 
0.2 
0.1 


0 
200 300 


dm» mm 


¢ Bearing Size—The larger the bearing, 
the lower the speed limit. For the small- 
and medium-size bearings the speed limit 
is approximately inversely proportional to 
the bearing bore. For large bearings the 
speed limits are relatively lower. 

¢ Bearing proportions — Light-sectioned 
bearings have a higher speed limit than 
heavy-sectioned bearings of same type be- 
cause they carry less load, have a smaller 
mean diameter, smaller balls or rollers, and 
a lighter cage. Therefore, for radial bear- 
ings, comparisons are made on the basis 
of the mean diameter d,, instead of the 
bore d. For thrust bearings the conditions 
are different, and here the factor YDH 
is employed. 

¢ Bearing load—Heavy loads cause 
higher temperatures than light loads, and 
thus reduce the speed limit. 


Speed limits can be determined from 
the following equations which are based 
on the above factors and on a speed-limit 
factor A: 


1.0 

09 
0.8 
0.7 
0.6 
fos 
04 
0.3 
0.2 
0.1 

0 

500 1000 


For radial bearings 


SifrA 
dm 


n= 


For thrust bearings 
Libel 
VDH 
where 


A = constant which depends on bearing 
type, cage design and lubrication 
(see table). 


jf: = correction factor for bearing size 
(see curve). 


fe = correction factor for bearing load 
(see curves); for moderate loads 
use he = 1. 

n = speed limit, rpm 

d bearing bore, mm 


d, = bearing mean diameter = 0.5 
(d + D), mm; for needle bear- 
ings, dm = pitch dia of needle 
rollers. 


D = bearing outside diameter, mm 
H = height of thrust bearing, mm 


100000 
50000 
Bearing life, hr 20000 ~T— 


200 300 500 1000 


d_»mm 





(for bearings lubricated with oil) 


Bearing Type 
ROLLER BEARINGS 
Single-row Cylindrical 
Some o; all rollers contacting each other. . 
Pressed-steel cage, integral flanges... 
Machined-brass cage, integral flanges. . . 
Double-row Cylindrical 
Some or all rollers contacting each other 
Pressed-steel cage, integra fianges.... 
Machined-brass cage, integral flanges. 
Needle-Roller 
Some or all needles contacting each other 
Cage with individual needle-roller pockets 
Single-row Self-aligning 
Double-row Self-aligning . . 
Single-row Tapered 
Double-row Tapered. 


THRUST BEARINGS 
Ball 
Pressed-steel cage... 
Machined-brass cage. . 
Cylindrical Roller..... 
Self-aligning Roller. . 
Tapered Roller. ... 





CONSTANT “A” FOR SPEED-LIMIT CALCULATION 


- 160,000 Bearing Type 


RELATIVE LOAD CAPACITY OF ROLLER AND THRUST BEARINGS 


Permis- 
sible No. of 
load bearings 
Relative Load Capacity ratio, for 
ee — thrust/ shaft 
Radial Thrust radial location 





. 400,000 
- 500,000 ROLLER BEARINGS 


. 120,000 


«+ 300,900 Double-row cylindri- 


. 380,000 iat 


Needle roller 
. 120,000 Double-row self- 


.. 240,000 
, align 
. 300,000 one 


280, 000 
. 300,000 
- 280,000 THRUST BEARINGS 


Single-row self- 


aligning 
Double-row self- 
aligning 





Single-row cylindrical Heavy Light Little or See note 


Single-row tapered 
Double-row tapered Very heavy Heavy Any One 


none 
Very heavy None None See note 


Heavy None None See note 
Very heavy Heavy Any One 


Heavy Heavy Any Two 


Heavy Very heavy Some Two 


Very heavy Very heavy Any One 














Note: Needle bearings are net employed to locate shafts, and must 
be used with locating-type bearing. Some types of cylindrical bear- 
ings can be used to locate shofts. 
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2 WIDE CYLINDRICAL-ROLLER BEARINGS 


(D) Four-row staggered 


positions it axially. A nolocating bearing on the other end 
permits thermal expansion of the shaft. 

Most of the configurations permit the bearing to be 
disassembled and the rings mounted independently. This 
facilitates assembly where both rings are mounted with a 
press ht. 


Wide types 


These cylindrical roller bearings, Fig 2, are designed to 
take a higher amount of radial load per inch of bearing 
width. They are generally for heavy-duty work where 
space is limited. 

Wide-roller (A)—Some of the single-row types shown in 
Fig 1 are also available in large widths. Type shown has 
grooved rollers, similar to type RW. 

Multi-row (B), (C) and (D)—They are available with 
either a two-row or four-row configuration. Staggered re- 
lation of the rollers permits a multiplicity of contact 
points. The rollers can better adjust themselves under 
load. 


Wound-roller (E)—These are three-part, separable bear- 
ings with rollers which are hollow cylinders formed of 
helically wound strips of steel that have been ground and 
cut to length. This gives high resistance to shock, abrasion 
and fatigue. Rollers are wound both right- and left-hand, 
and assembled alternately. This sweeps the lubricant back 
and forth across race surfaces. 
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(E) Wound-roller type 


Cage-roller types 


These bearings consist of a caged roller assembly and 
a solid or split, hardened and ground outer race, Fig 3. For 
applic: ations where the outer “diameter must be kept to a 
No inner race is furnished because the bear- 
This reduces space 


minimum. 
ings are used directly on the shaft. 
requirements. 

In the split type, the joint is in the form of an obtuse 
angle so the rollers operate over it without shock or noise. 
The caged roller assembly is also available as a separate 
component. In this form, it is frequently referred to as 
a “journal roller bearing.” 


Split roller types 


All components of these single-row bearings—the inner 
and outer rings and the roller cage—are split into two 
segments. However, depending upon manufacturer, clamp- 
ing screws may be on either the inner or outer ring. 

They are designed for applications where installation is 
difficult or impossible with conventional roller bearings, 


Fig 4. They are available with a cage to space the rollers 
for high-speed applications, or without a cage to obtain a 
full complement of rollers for maximum load-carrying 
capacity. 

With inner ring clamped screws are on the inner 
race. The halves of the inner race are fitted around the 
shaft in the proper location and clamped into position. 
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3 CAGE ROLLER BEARINGS 


With solid outer race With split outer race 


4 SPLIT ROLLER BEARINGS 


(A) With inner ring clomped 


The outer-race and cage halves are placed into position in 
the housing. Shaft is then inserted into the housing. 
Joints of the races of type (A) are diagonal. 

With outer ring clamped, screws are on the outer instead 
of the inner ring. This offers a simpler configuration. How- 
ever, the halves of the inner race must be held together by 
hand around the shaft during assembly. 


RING BEARINGS 


Ring or “thin-race” bearings have a very small section 
in comparison to the bore, Fig 5. Although there is no 
sharp dividing line between these and the “extra-light” 
series, ring bearings are available in bore-to-section size 
ratio as high as 48 to 1 (in comparison to about 3.5:1 for 
the extra-light series). 

The X-type roller (also known as gothic-arch roller) is 
a more recent design employing a row of rollers which 
alternate in their orientation to take load. The rollers are 
shorter in length than in diameter and the load is there- 
for always taken up normal to the roller axis. Thus, these 
bearings are capable of carrying combinations of radial and 
thrust loads in either direction. One of the races is split 
to permit assembly of the rollers and cage. 


NEEDLE BEARINGS 


The needle bearing is essentially a roller bearing with- 
out a cage and with needles considerably longer than their 
diameters—usually with length-to-diameter ratio from 
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({B) With outer ring clomped 


continued 


ROLLER AND THRUST BEARINGS 


Journal roller bearing 


Tapered roller 


at Pie 
ne eae Ray LORS 


3:1 to 10:1, Fig 6. These proportions give about the same 
requirements as a hydrodynamic journal bearing. 

Needle bearings require small radial space in relation 
to load-carrying capacity, but they cannot carry thrust, 
and are limited in speed compared to other bearing types. 
Also, the needles cannot be guided by flanges in the true 
sense, which makes the friction in needle bearings much 
higher than cylindrical roller bearings. The needles are 
sensitive to shaft misalignment, resulting in unequal distri- 
bution of load along the needles, which gives them a 
tendency to skew. 

Needle bearings, however, are well suited for oscillating 
or fluctuating loads as in wrist pins, rocker arms, universal 
joints, and cam followers. Although manufactured in many 
forms, most bearings fall into one of the following three 
categories: 


Drawn-cup (A)—Has a drawn case-hardened shell to 
retain the rollers. This also provides retainment for lubri- 
cant. It is purposely made oversize so as to be pressed 
into the housing bore. 


Heavy-duty (B)—Has machined outer race of heavy 
section for greater radial capacity. Particularly applicable 
to split housings. 

Loose needle-rollers (C)—These are provided without 
integral races or retaining members and should be used 
only when shaft and housing bore are hardened. Retaining 
members needed for endwise location of rollers. Avail- 
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ability of a wide variety of roller-ends, (D), permits 
flexible design of retaining members. 

Recently, the drawn-cup and heavy-duty types have 
become available with cage rollers (E). They are called 
“roller” bearings, but are dimensionally interchangeable 
with needle bearings. 

To obtain unification among the manufacturers of 
needle bearings, the AFBMA has worked out boundary 
dimensions for the bearings designated by code number 
in illustration (F). 
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TAPERED ROLLER BEARINGS 


Tapered roller bearings have rollers shaped like the 
frustum of a cone. The taper of the rollers and the inner- 
ring raceway have a common apex on the bearing axis, 
Fig 7. The bearings are separable—their cones (inner 
rings) with rollers and cage, and their cups (outer rings) 
are mounted separately. 

Tapered bearings can carry high radial and thrust loads 
simultaneously (in one direction only for the single-row 
type). Radial capacity approaches that of a cylindrical 
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Multirow type: 





3 Popular varieties 


(C) Tapered (D) Flanged 
_ bore cup 


(1) Double cup 
preadjusted 





(L) Four row, double (M) Four row, triple 
cone cone 


roller bearing of same size. Most tapered roller bearings 
have contact angles of 12° to 16°. For heavy thrust, some 
are made with angles of 28° to 30°. 

[he conical shape of the raceways and rollers permits 
rolling with low friction. Under load, however, the larger 
end of the roller is pressed against the back flange of the 
cone, which increases friction. The flange is needed to 
prevent skidding. Hence, the friction torque of this 
type of bearing is somewhat higher than in a ball or 
cylindrical-roller bearing. 
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(J) With spherical 
bona oy 


ROLLER AND THRUST BEARINGS contin 





(E) With guiding cage vod ond adapter bor 


Single-row types 

The line contact between rollers and raceways, which 
makes these bearings suitable for carrying high loads, also 
makes them sensitive to misalignment. Some bearings are 
improved by beveling or “crowning” the rollers or by 
making the cup slightly convex. 

As with a single-row angular-contact ball bearing, the 
single-row tapered roller cannot carry a pure radial load 
if mounted singly, for the rings would separate. There 
must be a thrust in the direction of the back face of both 
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rings. ‘Therefore these bearings are usually mounted in 
opposed pairs and axially adjusted by shims or nuts for 
proper clearance. ‘Temperature variations can influence 
this adjustment. Six popular single-row types are: 

Standard (A)—Most widely employed, it has a stamped 
cage to space solid rollers evenly. 

Pin-type cage (B)—For heavy duty; maximum capacity 
obtained by pin construction, which permits larger number 
of rollers. Rollers are hollow. 

Tapered bore (C)—For applications where design does 
not permit a shouldered shaft. Bearing located on shaft 
by driving the cone on a tapered adapter sleeve. 

Flanged cup (D)—Permits boring the cup seats in the 
housing by one setting of the tool. This gives better 
alignment and reduces machining costs. 

Keyway cone (E)—For keyed shafts, where interference 
fit is not possible. 

Steep angle (F)—For high-thrust, low-radial-load appli- 
cations, such as worn shafts. 


Double-row types 


Five popular types of tapered roller bearings available 
with double-row configurations are: 

Double-cone, two single cups (G)—Taper angle is diverg- 
ing. It requires spacers to adjust outer rings axially. 


Double-cup, two single cones (H)—Taper angle is con- 
verging. It requires spacers to adjust inner rings (cones) 
axially. This permits a simple housing design, because 
the bearing can be mounted axially, floating in the hous- 
ing; but inner rings are difficult to adjust if press-fit on 


shaft. The mounting is also more sensitive to misalign- 
ment. 


Double-cup, preadjusted (1)—Similar to (H) except that 
the front faces of the cones are ground for adjustment. 
They are frequently preferred but because of fixed end, 
play may not be satisfactory where bearing adjustment 
is critical. 

Spherical outer diameter (J)—Similar to (H) but with 
spherical surface to provide self-aligning characteristics. 
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Single-row type 


Double-row type 


Tapered outer diameter (K)—Similar to (H) but with 
taper to facilitate assembly in the housing. 


Four-row types 


Double cone (L)—Has two double cones, one double cup 
and two single cups. For heavy duty, proper clearance is 
obtained by using spacing rings. 

Triple cone (M)—Outer races are opposite that of (L). 
Can assemble bore on shaft with interference fit to pre- 
vent rotation of inner rings under heavy loads. 


SELF-ALIGNING ROLLER BEARINGS 


Self-aligning or “spherical” roller bearings are particu- 
larly suitable for carrying heavy radial loads because of 
the number, size and shape of the rollers. Usually of 
the double-row designs, Fig 8, they resemble somewhat 
the self-aligning ball bearings, and are completely self- 
aligning in the same manner. 

The spherical rollers, however, provide line contact 
on the inner race and point contact on the outer, while 
the balls give point contact on both races under no load. 
Thrust capacity in either direction is also high because 
of the angular contact of the spherical rollers with respect 
to the shaft axis. 


Double-row types 
There are five different internal designs available with 


spherical raceways in the outer ring. The variations are 
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ROLLER AND THRUST BEARINGS continued 
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(D) Single direction, double row 


! 


4G) Single row with 
: spherical washer 


mainly due to efforts by manufacturers to improve roller 
guidance. 

With nonsymmetrical rollers (A)—This type has flanges 
on both outside edges of the inner ring. However, the 
only purpose of the flanges is to keep the rollers in the 
bearing when the outer ring is swung away from the 
rollers. Two separate U-shape cages permit individual 
action of the balls. 

The rollers are unsymmetrical—that is, they are made 
smaller at their outer ends, so that a component of radial 
load forces them against the center flange of the inner 
ring. Skewing is thus avoided and the retainers merely 
space the rollers rather than guide them. Note the space be- 
tween rollers and outer flanges—this reduces friction torque 
to low values. But the load develops a component pushing 
the roller against the center rig. The consequence of this 
is that the rib cannot shift to adopt for changes in load 
requirements. 

With outer guide-flanges, (B)—Rollers are symmetrical 
and barrel-shape. They are guided by flanges at both 
roller ends. 

With axial floating ring (C)—Rollers are symmetrical, 
the side flanges eliminated, and an axially floating guide 
ring, centered on the inner ring and assisted by the cage, 
provides accurate roller guiding. In the absence of an 
integral center rib, the rollers adjust themselves under 
load so that the load is evenly balanced over the roller 
length at all times. This permits a high degree of roller 
contour to both ring contours, resulting in increase capacity 
of the bearing. 

With floating ring and flanges (D)—Same as in (C), but 
different cage design calls for side flanges to keep rollers 
in bearing when there is high misalignment. 


With guilding cage (E)—Same as in (C), but rollers 
guided by the cages only. 
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Self-aligning roller bearings are also made with a 
tapered bore (F) for mounting on adapter sleeves or 
directly on tapered shafts. 

Single-row types 

Although not employed as frequently as the double- 
row types, three variations of single-row self-aligning bear- 
ings are available, Fig 9: (A) with outer ring spherical, 
(B) with inner ring spherical, (C) with integral guide 
flanges. 

Types (A) and (B) function in a manner similar to an 
angular-contact ball bearing. They are capable of sustain- 
ing both radial and thrust loads under conditions of mis- 
alignment. 

Type (C) is similar to a radial roller bearing, but with 
self-aligning capabilities. It is sometimes referred to as a 
“barrel bearing”—but this term may be misinterpreted 
because type (A) and some of the double-row varieties with 
symmetrical rollers are also referred to at times as barrel 
bearings. 


Aircraft self-aligning Roller Bearings 


Frequently employed in oscillating applications, these 
types of self-aligning bearings have a spherical surface on 
the inner ring instead of on the outer ring to permit 
misalignment, Fig 10. This permits use of hour-glass 
rollers which reduce skidding at high degrees of misalign- 
ment, or when the outer ring is rotating, as in belt-pulley 
applications. The rollers are also free to position them 
selves axially in relation to both rings. Single and double- 
row types are available. 


THRUST BEARINGS 


Although most thrust bearings are designed strictly for 
high thrust capacity, a few types can withstand radial 
loads as well. Thrust bearings are available with rolling 
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Single direction 


Double direction 


Split-roller thrust 


13 TAPERED-ROLLER 
THRUST BEARINGS 


Double direction, 
with guide ring 


Needle-roller thrust 


Single direction, with 
spherical washer 


Single direction, 


guide ring 


lem type— three stage, 
single direction 


Combination radial 
and thrust bearing 


14 SPHERICAL-ROLLER 
THRUST BEARINGS 


—< —_ 


Ci—s) 


Heavy duty, both washers tapered 


eee 


Heavy duty, one washer tapered 


a. xo 
¢ Saar 
ee 


Low-cost type 


elements consisting of balls, cylindrical rollers, tapered 
rollers and spherical rollers. 


SINGLE-DIRECTION-BALL THRUST BEARINGS 


Designed for thrust loads in one direction, the singl« 
direction ball thrust bearing has a caged row of balls 
running between two flat or grooved rings, Fig 11(A). 
One of the rings is usually attached to the rotating shaft. 
Ihe bore of the outer ring is larger so that it clears the 
shaft and is held stationary to the housing. This type 
of ball thrust bearing is also available as a self-contained 
unit, (B). Low-cost, unground thrust bearings are fre- 
quently made in a self-contained configuration. 

The flat-race type is for very light thrust loads, for 
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applications where the shaft will run slightly eccvntrically 
or where friction must be kept to a minimum. 

The single-row types have relatively high friction be- 
cause of the sliding action between balls and races. This 
is because there is area contact between balls and races 
rather than point contact. Sliding, therefore, can be 
minimized by using a relatively large groove radius. 

The single ball thrust bearing is unsatisfactory at high 
speeds because of centrifugal force on the balls. Being 
separable, it is also sensitive to deflection and misalign 
ment. Any misalignment forces only a few balls to carry 
the entire load. However, it does provide minimum 
axial deflection, high thrust capacity, and simplest mount 
ing requirements. 
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Single-row with support washer—To reduce unequal 
loading on the balls caused by initial misalignment, the 
single-row thrust bearing is also made with a spherical 
thrust washer, (C). The washer is employed between 
the stationary ring and the machine base. 

Although this type of bearing is sometimes called a 
“self-aligning” thrust bearing, the spherical washer can- 
not easily respond to small changes in alignment, because 
of the friction involved. 


Double-row 


For higher load capacities and speeds, the ball thrust 
bearing is made with two rows of balls, each row running 
in a groove in the shaft ring, (D). However, two con- 
centric housing rings are required to avoid unequal ball 
loading. The rings are carried by an elastic. support. 


Double-direction-ball thrust bearings 


This involves two “housing rings” and a center shaft 
ring which is grooved on both sides, (E). The center 
ring is mounted on the shaft in such a manner that it 
can transmit thrust loads in one or the other direction. 
However, it cannot take radial loads. This type of bearing 
is also available with spherical seals and washers. 


CYLINDRICAL-ROLLER THRUST BEARINGS 


These are available with or without flanges for guiding 
the rollers, and with one or more row of rollers, Fig 12. 
But pure rolling cannot be obtained between the rollers 
and rings. The amount of departure from true rolling 
increases with roller length—therefore it is preferable to 
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use several rows of rollers of shorter lengths. Some manu- 
facturers employ crowned rollers, which increase the life 
and decrease the starting and running friction. 

Special configurations in this category are: thrust bear- 
ings with split races and cage, needle-roller thrust bear- 
ings, and combination radial and thrust bearings (all 
illustrated). 


TAPERED-ROLLER THRUST BEARINGS 


These bearings provide a pure rolling action, Fig 13. 
Although they cannot adjust to shaft misalignment, they 
do permit radial displacement of the shaft. Apex of the 
taper is located on the bearing axes. The rollers are thus 
pushed against the integral flange. 

The heavy-duty types are accurately ground for high- 
load, moderate-speed applications. The low-cost types 


are designed for oscillating or slowly rotating applications. 


SPHERICAL-ROLLER THRUST BEARINGS 


The raceway of the outer ring of this bearing is spherical, 
with the center of the sphere on the bearing axis, Fig 14. 
The bearings can carry a radial load in addition to thrust. 

Design of this bearing is similar to the single-row radial 
self-aligning type, of which it is actually a variation with 
a large contact angle. The roller ends are also made 
spherical, but to a slightly smaller radius. This permits 
an oil film to be formed, which effectively carries the 
load on the guide surface. The oil film reduces friction 
and permits higher speeds than for other thrust-bearing 
types. There is equal distribution of thrust over all 
rollers, even under misalignment. 





WHERE TO WRITE FOR CATALOGS 


Numbers refer to bearings illustrated in the text. 
items are listed here 


Only catalog 
These manufacturers may make a wider variety 
of type upon request than those they list in their catalogs. 


Aetna Ball and Roller Bearing Co, Chicago—1,2,11 
American Roller Bearing Co, Pittsburgh—1,2,6 

Andrews Bearing Co, Spartanburg, SC—11 

Bower Roller Bearings, Div of Federal-Mogul-Bower, Detroit—1,2,3,7 
Chain Belt Co, Milwaukee—10 

Cooper Split Roller Bearing Corp, Carnegie, Penna—4,12 
Hoover Ball & Bearing Co, Ann Arbor, Mich—8,11 

Hyatt Bearing Div of General Motors, Harrison, NJ—1,2,3,9 
Industrial Tectonics Inc, Ann Arbor, Mich—1,2,8 

The Kayden Enoineering Corp, Muskegon, Mich—5,6,11 
Landes & Gyr, NYC—1T 

Link Belt Co, Chicago—8 

Marlin-Rockwell Corp, Jamestown, NY—1T1 

McGill Mfg Co, Valparaiso, Ind—1,2,6 

Messinger Bearings Inc, Philadelphia—1,2,5,12 

Morton Bearing Co, Ann Arbor, Mich—11,12 
Norma-Hoffmann Bearings Corp, Stamford, Conn—1,2,8,9,11 
Orange Roller Bearing, Orange, NJ—1,2,3,6 

Roller Bearing Co of America, West Trenton, NJ—1,2 
Rollway Bearing Co, Syracuse, NY—1,2,3,12 

SKF Industries Inc, Philadalphia—1,2,7,8,11,14 

Split Ballbearings, Div of MPB, Lebanon, NH—4 

Timken Roller Bearing Co, Canton, Ohio—7,13 

The Torrington Co, Torrington, Conn—1,2,6,8,11,12,13 


PHOTO CREDITS: Aetna—Fig 11(C); Andrews—Fig 11(E); Bower— 
Fig 3(right); Chain Belt—Fig 10; Cooper—Fig 4(A), 12 (bottom-left); 
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Hoover—Fig 8(B), 11(B); Hyatt—Fig 2(E), 9; Link—Fig 8(E); McGill— 
Fig 2(A); Orange—Fig 2(D); Rollway—Fig 1, 3(left), 3 (middle), 12 
(top-left); SKF—Fig 2(C), 8(C), 11(A), 14; Split Ballbearings—Fig 4(B); 
Timken—Fig 7; Torrington—Fig 2(B), 6, 8(A), 12 (top-right), 12 (bottom- 
middle), 13. 


Now on the presses, a combined reprint on 
ROLLING-ELEMENT BEARINGS 

Ball, roller and thrust bearing types, seals and shields tests, lubricants 

and causes of failures. The following articles are combined in a 


single 64-page booklet: 


. Today’s Ball Bearings 

. Your Guide to Roller and Thrust Bearings 

. Integral Ball Bearings—New Approach to Product Improvement 
. Sealed Ball Bearings—Which Type? 

. How to Measure Preload and Play in Ball Bearings 

. These Methods Test Performance of Ball Bearings 

. Guide to Lubricants for Instrument Ball Bearings 

. Why Bearings Fail 


Copies of this combined reprint will soon be available at $2 each, 
including postage. Send order with remittance to: Reader Service Dept, 
Product Engineering, 330 W 42nd St, New York 36. 
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THE GAS TURBINE (GE T-58) powering Navy’s 
HU2K-1 single-rotor/tail-rotor helicopter produces 
1050 hp for takeoff and 875 hp max for continuous 
operation. It can carry up to 14 passengers in addi- 
tion to the pilot. Design emphasis on high-speed flight 
has resulted in an exceptionally clean fuselage for 
a copter. Landing wheels retract forward into blisters 
on the lower fuselage, further reducing drag. Despite 
its high payload and capacity, HU2K-1 is capable of 
operating from destroyers, and -fits elevators of the 
smallest cruisers. The 5000-lb empty weight permits 
the helicopter to be moved by three men. 


Turbo Powers Helicopter for More Jobs 


This Navy workhorse with its power pack mounted atop a streamlined 


fuselage has longer range, greater speed, more lifting power. It carries 


up to 14 passengers, but is small enough to land on cruisers or smaller vessels. 


SPECIFICATIONS 
(performance data classified) 


Weight, empty 
Gross weight, normal 
Gross weight, overload 
Fuel capacity: 
Main tanks 
Auxiliary tanks 
Main rotor dia 
Tail rotor dia 
Length (operating) 
Length (rotors folded) 
Height over-all 


ee eS SS SS eS ee ee ees ed 


EASY MAINTENANCE was the aim of design, 
as reflected in the location and accessibility 
of components. Except for the fuel tanks, 
power and drive system components are 
located above the fuselage structure. Removal 
of nonstructural cowling permits the rotor, 
main gearbox or engine to be removed individ- 
ually. Cowling converts into work platforms to 
permit service operations without scaffolds or 
workstands. Hand-operated field-service hoist 
(shown on mockup) fits brackets at top and 
bottom of cargo door. Horizontal arm hoist 
can be rotated and extended to handle all 
power- and drive-system components. Hoist 
can be collapsed into a compact unit. 
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CLAM-SHELL DOORS, which form the nose section, swing open 
to expose the avionic equipment mounted beneath the pilot’s 
cabin. Additional equipment is mounted in the doors, which fold 
back against the aircraft sides. All components can be reached 
by service personnel standing on the ground. Fold-back doors 
also reduce over-all length of copter to within design envelope 
specified by Navy. Locating battery directly inside nose doors 
gives ready access to this frequently checked item. 
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MYDRAGL IC 
GROUND 
commectTt 


HYDRAULIC HOIST, which can lift up to 600 Ib, 
gives copter greater capacity for rescue missions. 
Hoist swings outboard through doors in the power- 
package fairing above the pilot’s head. This per- 
mits pilot to look directly down the cable for full 
view of rescue operations. Landing gear retracts, 
leaving a clear field for rescue operations since 
hoist does not have to clear the undercarriage. 
Hoist can be operated by either pilot, copilot, or 
crewman, and incorporates a cable-cutter in case 
its hook becomes snagged. External cargo hook 
has a 4000-lb capacity. 


PS ... Turbine-powered utility 
helicopter was developed to 
meet Navy need for a high- 
speed, all-weather rotary-wing 
aircraft. Required to operate 
from cruisers and other smaller 
vessels as well as aircraft carri- 
ers, the copter was limited in size 
by dimensions of cruiser’s aircraft 
elevators. Need for special tools 
and fixtures has been held to a 
minimum to facilitate field re- 
pairs. Success of design is indi- 
cated by Navy's statement that 
the HU2K-1 has acknowledged 
record-breaking capabilities (ac- 
tual performance data is still 
classified). Produced under con 
tract to the Navy’s Bureau of 
Naval Weapons by Kaman Air- 
craft Corp, Bloomfield, Conn. 





For further details on the Kaman 
helicopter, see p 24. 
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nine lectures on 
MECHANISMS 


3... SPRING MECHANISMS — continuous balancing 








3... Spring Mechanisms— 


continuous balancing 


Continuous balancing for any number of precision 


points is possible with odd-shape pulleys. 


KURT HAIN 


Institute for Fundamental Research 
Brunswick, Germany 


Spring mechanisms to balance load moments at five or 
more points can be designed with odd-shape convex pulleys 
as shown in Fig 1. Here the moment arms of the forces 
P, and P, can be changed continuously to give any de- 
sired variation. This is particularly useful when the 
range of spring forces is restricted, or when the straight-line 
spring rate cannot produce the desired change in load 
moments. 

The relationship among the spring forces, lever arms 
and turning moments are: 


Pia, = PAs, or Py = p,( 2) 
a2 


mp = Pyh, + Poh, = P, (x + he *) 
2 


The graphical construction in Fig 1 for the determina- 
tion of spring elongation N,S, for any angle of displace- 
ment ¢, is the same as that described for circular pulleys 
in last week’s lecture. 

Odd-shape pulleys can take the form of segments de- 
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signed to give precise balancing moments with any desira- 
ble spring rate. For example, assume that a spring 
mechanism is required to balance the load moments shown 
in Fig 2(A). To do this, a segmental pulley, Fig 2(D), 
must be so designed that the variation in moment-arm 
lengths, h, will match the corresponding spring forces 
shown in Fig 2(B). Since the spring forces increase as 
the spring is stretched, this means that the moment arms 
must decrease as the pulley rotates, in order to balance the 
decreasing load moments specified. 

The graphical construction in Fig 2(D) is a simplified 
version of the full-involute development described in last 
week’s lecture. Accurcy of this construction is approxi- 
mate and depends upon the number of intermediate points. 

In this construction, the angular displacements in Fig 
2(A) are laid out from M, to M,, in Fig 2(D); the 
distance OM being an arbitrary value. Next, choose any 
spring and lay out its force curve as shown in Fig 2(B). 
From these, the moment arm h, = m,,/F; can be ob- 
tained; then in Fig 2(D) a circular arc with radius h, is 
drawn with O as center, and to this a tangent is drawn 
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from M,. On this tangent line, a point A, is selected, 
which is estimated to be near the actual contact point of 
the cord or belt on the pulley; this point A, is then joined 
to point M,. A circular arc with A, as center and A,M, 
radius will cut the line A,M, at T., and the interval M.T, 
will then approximate the spring extension f,. If this ex- 
tension is now added to the original extended spring 
length, the corresponding tension P, can be found from 
Fig 2(B), which gives h, = m,./P.. In Fig 2(D) the 
tangent from point M, is then drawn to the circular arc 
h,, and it meets the tangent line M,A, at point A,. This 
procedure is continued for all the other M-points, with the 
result that tangent lines drawn through points A, to A 
describe the desired profile of the segmental pulley. 

But the shape and size of such a pulley can be changed 
radically for the same spring and the same arbitrary dis- 
tance OM,. For example, if a larger initial spring tension 
P’, in Fig 2(B) is assumed to correspond to M,, the cor- 
responding spring force for M, would be P”, for the same 
spring rate I. When this is laid out in a manner similar to 
Fig 2(D), the resulting pulley would look like Fig 2(F). 
Again, suppose that spring rate II in Fig 2(C) is used, 
initial spring force is P’,, and the final spring force is 
P’.; then the resulting pulley would look like Fig 2(E), 
assuming the same distance OM, is used. In all three of 
these cases, the shaded trapezoidal areas in Fig 2(B) and 
(C) must be equal to one another, because they represent 
the same total amount of work to be done by the spring in 
balancing the given load moments. The choice depends 
upon which pulley shape is most desirable. 


\ 
\ 


\ 


FIVE DECREASING MOMENTS IN (A) can be counterbal- 
anced with spring forces P, to P,; laid out in (B) using 
variable lever arms laid out in (D). If spring forces P’, to 
P’; are used, resulting pulley will be (F). If a different 
spring, with forces P”, to P”, as shown in (C) is used, 





Q 
\ 





resulting pulley will be (E). 
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ODD-SHAPE PULLEY provides a variable lever arm 
for the spring force; spring extension N,S, is solved 
graphically by layout of involute ew. 

















tension 


jo Initio) 
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REPRINTS: The nine articles in this series 
will be available as a combined reprint for $1.00 
after the series is complete. Address: Reader 
Service Department, Product Engineering, 330 
W. 42nd St, New York 36 





TO FIND A DOCUMENT 


FIRST, pull out of the file box all cards with 
headings that pertain to subject matter you 
want. Example: for documents dealing with 
analog computer networks, you might select 
the punched cards shown here. 


NOVEL INDEXING DEVICE 
solves technical filing problems 


Sight through holes in home-made punched cards—then go 
directly to all pertinent information in your file drawer. 

It’s a desktop version of the Peek-a-Boo information- 
retrieval system developed for libraries containing up 


to 40,000 documents. 


R E WENDT JR, manager 


Advanced Manufacturing Techniques 
Westinghouse Electric Corp 


Bf your file drawer is like most technical files, you're in 
trouble. You know what you have but don’t know where 
to find it. Or even worse—you've forgotten what you have. 
This indexing device will make you master of the situation. 
You can build it yourself, or have the shop make one. 
And with it on your desk, you can keep track of up to 
1000 documents. Here’s how it works. 

For filing, each technical paper, catalog, tearsheet, 
reprint, is marked with a number and filed in numerical 
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order. Don’t worry about arranging this file by subject, 
source, type, size, author or any other order—only the 
sequence of numbers is important. For the index you 
have special file cards. There are as many file cards as 
there are categories; and categories can be anything from 
color of the document to the author’s company affiliation. 
Each card has space for 1000 numbered holes. Each hole 
you punch represents a different document number. 

Now suppose you want to find a certain technical paper. 
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You remember it had a blue cover and dealt with use of 
analog computers in automotive design. Remove the file 
cards for “blue cover,” “analog,” “computers” and auto- 
mobiles.” Next, stack them together and hold the stack 
to the light. The number corresponding to the hole where 
you can see daylight is the needed document. 

The device shown in the pictures above is a file box 
combined with viewer and card punch. In the box you 
store a separate 3 x 5 card for each category you select as 
being the most significant and memorable. Choose broad 
topic headings, ones that will include a large number of 
documents in the file drawer. (If headings are too special- 
ized, you'll be hunting through too many cards—destroying 
the efficiency of the system.) One of the system’s advan- 
tages is that headings don’t need to be specialized—com- 
bining cards with broad headings gives a combined narrow 
heading. Naturally, the more cards in a combination, the 
narrower the span. 

Cards are punched in the jig provided on the back of 
the file box. The jig has 1000 holes in its 25 x 40 matrix. 
This capacity is adequate for most filing purposes; with 
more holes in a 3 x 5 card, tolerances become critical, 
cards become mechanically weak and the system is gener- 
ally more difficult to use. If you want to expand, it is better 
to divide the card file into two or more groups and provide 
a different color card for each category. 

Read the number of any open hole by placing the stack 
of cards against the transparent plate on the opposite side 
of the file box. The overlaying transparent plate is ruled 


to allow you to read the number that corresponds with any 
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SECOND, put the selected cards in the 
viewer on the front of the file box and 
note the numbers for the holes that line 
up. Such viewing is done by placing the 
cards on a transparent plastic window 
and covering them with a card-size, 
plastic plate that has been ruled to 
speed identification of the current num- 
ber. When not in use, the ruled plate is 
stored in the box. 


TO FILE A DOCUMENT 


! 
2 
3 
4 
5 
€ 
7 

e 
9 
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CARD PUNCH is built into the back of 
the file box. When a new document is 
filed, it is given the next consecutive 
number in the file and the cards for each 
subject heading pertaining to that docu- 
ment are punched with a hole corre- 
sponding to the document number. Holes 
in this 25 x 40 matrix are numbered left 
to right, top to bottom. The card is be- 
ing punched to show that document 
number $66 contains some material 
about standards. Punch is made of hard- 
ened-steei rod; die plates are steel, 
separated by 0.025-in. spacer and aligned 
with dowel pins before assembly. 


hole. Finding all the documents that pertain to any com- 
bined group of subjects is quick and easy: simply read the 
numbers of the holes in the cards and pull the material 
corresponding to that number. If an item is misfiled or if 
you miss an applicable heading when punching the cards, 
the needed information can probably still be found »y 
pulling those documents indicated by faint holes (holes in 
which light is blocked by only one thickness of card). 


EDITOR’S NOTE: A ready-made version of the combined 
file box and punch (probably costing less than $10) will be 
available soon from Universal Data Processing Equipment, 
Inc, 8 Martin Ave, South River, NJ. 
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tirst bottles, 


now auto parts... 


BLOW MOLDING 


GOES INDUSTRIAL 


If you need a thin-walled plastic part, 
take a look at the new ways a fast- 
growing process is being used. 


H SAMUELS and C A JOSLIN 
Development Department 

Union Carbide Plastics Co 

Div of Union Carbide Corp 

Bound Brook, NJ 


Enclosing a tube of molten plastic in a split mold and 
then blowing this tube out to match the mold’s shape is a 
well-established way to make a completely enclosed part 
from thermoplastic materials. Now, blow molding has 
been extended to production of open parts—promising 
competition for conventional processes like thermoforming 
and injection molding. Here’s how blow molding works, 
what some of the new techniques are, and how to design 
your parts to take advantage of them. 


The advantages 


Beyond the very important capability of making hollow 
parts, blow molding offers design some very real advan- 


tages: 


1. The stiffer, higher molecular-weight polymers like 
high-density polyethylene can be readily molded. ‘This 
is because the molten plastic tube (called the “parison’’) 
is formed, in most cases, into air, which offers little resist- 
ance, and because the plastic does not cool until the part 
is fully shaped. There is therefore no need to choose a 
less stiff material to gain better flow characteristics, as is 
often the case with injection molding. 


2. Finished parts are nearly strain-free, because the resin 
has not been pressurized through sprue and gate, and on 
down a thin mold passage. This means that the full, 
isotropic properties of the material can be utilized in 
design, and that built-in stress-concentration points are 
minimized. Warping and stress cracking are thus no 
longer problems. 


3. Thin walls are more easily formed by blow molding 
because the resin need not be forced into a cooled thin 
section where it could set up and block further flow. 


— 


TWISTED DUCT HAS DOUBLE WALLS for 
thermal insulation. Duct on General Motors 
Corvair is built from two pieces—each half 
blow molded, with dimples connecting parallel 
walls for stability. Space between walls is 
about % in., and inside wall (not shown) is 
smooth for unimpeded air flow. Two halves 
are wire-stapled together at mating flange, 
with flange edges heat-sealed for air tightness. 


HOW TO ASSEMBLE OTHER MATERIALS 
to blow molded parts is illustrated by 
these Lincoln defroster ducts. Metal stiffener 
for square opening is stapled in place at mid- 
points of sides, rubber boot is then stap 
to assembly, with adhesive for air seal. 
metal frame, carrying wire mesh filter 
bonded-on foamed plastic seal, is 

bonded to long narrow opening in blown duct. 





Being able to mold the stiffer resins also means thinner 
walls are feasible. However, because the stiffer materials 
generally cost more (see table of properties, p 54), thinner 
sections may not always pay. 


4. Heat-sensitive plastics can be specified because lower 
temperatures may be used in blow molding to plasticize 
the material enough for fabrication. Vinyls, for example, 
are heat-sensitive but can be blow-molded. 


5. Short runs are possible. Because the low pressures 
permit lightweight, soft-metal molds, tool costs are 1/10 
to 4 as high as those for injection molds. Also tending 
to keep costs down is the high production rate per blow- 
molding machine, but this depends greatly on the style 


equipment employed (see “What Is Blow Molding?”’). 


air pressure tries to push the plastic uniformly against all 
portions of the mold. ‘Thus, walls cannot b« abruptly or 


gradually changed in thickness by design 


Second, thickness uniformity can’t be held as closcly as 
in injection molding because the walls are formed by ex 
panding—and hence thinning—an intermediate shape rathet 
than by filling a wall cavity. 


Third, outer surfaces are not quite as smooth as thos« 
on injection-molded parts mainly because forming pressur¢ 
is lower; extrusion die marks can also appear if the dies 
are not kept in good condition. Inner surfaces are nor 
mally rougher than outer surfaces since air rather than 
smooth metal presses on this side; such interior roughness 
is usually important only on transparent parts. 


And the limitations 


There are also some disadvantages to blow molding: 


Fourth, many patents exist in this field, and you should 


take care to work with a blow molder who has no r 


straints of this kind. 


First, design is limited to essentially shell-like parts since 


Biow needle 


(2) Dies close 


ere 


WHAT IS BLOW MOLDING? 


(3) Part blow molded 





(1) Parison extruded 
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Here is a process that extends the basic 
concepts of glass blowing to plastics. The 
four principal steps are the same: (1) a 
molten intermediate shape called a parison 
is formed—with plastics, it’s an extruded 
tube; (2) the molten parison is enclosed 
in a split die—the blow mold; (3) air pres- 
sure is introduced into the parison, ex- 
panding it to final shape against the cool 
mold surfaces; (4) the formed part is 
cooled briefly in the mold, which then 
opens—ejecting the part. 

There are six main blow-molding tech- 
niques today, each with its own patented 
equipment. Each process has its advan- 
tages and limitations—involving such fac- 
tors as production rate, tooling costs, versa- 
tility of part size and shape, and ability to 
handle heat-sensitive plastics. The six 
methods are summarized below for identi- 
fication purposes, since few blow molders 
utilize all of them. 
multiple blow molds is the method with 
highest productivity. Material is plasti- 
cized in an extruder and forced through a 
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single die to form a continuous tube. 
Molds mounted on a rotating table close 
over the tubular parison and move away. 
As each mold circles around after picking 
up the tube, the parison is blown, cooled 
and the piece ejected—remaining con- 
nected to the last piece like a link sausage. 

Continuous, multiple-die extrusion with 
multiple blow molds offers more versa- 
tility. Material leaves the plasticizing ex- 
truder, passes through a manifold and then 
through a series of dies. Equipment has 
sequence valves so that as one station is 
cooling, another is ejecting, another cool- 
ing, and so on. 
reciprocating molds extrudes the parison 
over a blow stick. A sliding or rising 
mold closes over the parison as a cutter 
trims it to proper length. The mold then 
moves away for blowing, cooling and eject- 
ing. In side-sliding machines, another 
mold closes over the continuously forming 
parison. 

Intermittent ram-extrusion blow mold- 





text continued, next page 


(4) Dies open, port ejected 
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ing is like the previous method, except 
that material is ram-fed from a cylinder 
of the injection-molding type. The inter- 
mittently formed parison is picked up by 
a series of molds on an indexing table, 
carried away, blown, cooled and ejected. 


Extruder-accumulator blow molding 
combines the fast-acting ram with a reser- 
voir of plasticized material. Rapid forma- 
tion of the parison results in minimum 
draw-down and hence a part with more 
uniform thickness. Blowing, cooling and 
ejection is the same as in the previous 
technique. 








Injection blow molding is the one 
process of the six that does not require 
some post-finishing (trimming, smoothing, 
buffing, etc.). Here, the material is fed 
from an injection-type plasticizing cylin- 
der, and the parison is formed over a 
cylindrical mandrel by injection molding. 
Mandrel and enclosing tube are shifted 
to a blow mold for remainder of the 
cycle; while simultaneously, the next pari- 
son is being formed over another mandrel. 


These parts illustrate key design principles 


LUGS ARE PROPERLY PLACED at the part- 
ing line for the wire handle of this blow 
molded minnow bucket. Pivot points for snap- 
on cover hinge are molded in place, but are 
partly hollow. Note double re-entrant top edge, 
made possible by slight flexibility of as- 
molded polyethylene. Cover is injection- 
molded; holes in cover and bucket are drilled 
after molding. 


Designing the part 


Selecting the material is the first step in designing any 
part for blow molding. The table on p 54 gives the 
current spectrum of blow-moldable materials, but there 
is no technical reason why any extrudable thermoplastic 


cannot also be handled. This would include the acetals, 
polycarbonates, and the fluorocarbons. Polyethylene, how- 
ever, is the material on which most blow-molding develop- 
ment work has concentrated since 1940 because of its 
moderate cost in low-density forms, its flexibility, and 
its chemical resistance. The high-density polyethylenes 
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FLAT OBJECTS ARE BLOWN by flattening the parison 
into two parallel sheets between the two closing die halves. 
Here, housing for highway construction blinker was molded, 
and the webbing in the lamp holes subsequently trimmed 
out. If made by thermoforming, this housing would have to 
be designed in halves and joined in a second step. For the 
two auto sun visors, the plastic tube was flattened nearly 
completely, with a seal made at each indentation. Re- 
sulting dimpled structure has unusual stiffness for its 
weight. 


TWO PIECES ARE BLOW-MOLDED WITH 
OPEN ENDS TOGETHER to increase pro- 
duction rate. Parison is placed parallel to 
the axis of pair so deep draw is avoided. Air 
for blowing tube to shape is introduced 
through the tiny hole at the end of the pencil 
point. 


are, so far, the most widely specified for industrial applica- 
tions where increased stiffness and toughness at least 
possible added cost are required. All of the items pictured 
here are made of high-density polyethylene. 

Once the material has been tentatively selected, a few 
geometric guides should be followed: 


Keep the blown “diameter” to 3 times or less the tube 
diameter. Beyond this limit the walls thin out too much 
to give adequate stability and dimension control. The 
final wall thickness in any area will be very nearly pro- 
portional to the lateral distance that the parison is blown 
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Four blow-molding techniques solve three special problems 


Flos 


























Circulor porison being 
flattened into porallel sheets 


OPEN-ENDED, SHALLOW PARTS, most often made by thermo- 
forming, can be blown by using the closing mold to flatten the 
parison into two parallel sheets. Slight air pressure holds the 
molten sides apart while the molds, each containing cavities, 
approach one another. As the die halves close, final air pressure 
forces each side of the flattened parison into its respective mold 

this is sometimes aided by drawing vacuum through the mold. 
After cooling and ejecting, the two joined panels are cut apart 
at the mold parting line, and the individual parts cut or stamped 
from the webs. Only parts shallow enough to be vacuum-formed 
without plug-assist can be made this way. 

















(A) (8) 


CONTROL OF THICKNESS, a problem in blow molding, is 
possible by several techniques. Two are shown here. (A)— 
spherical top of a cylindrical part is purposely thickened by 
turning the cavity on its side and locating the mold parting 
line closer to top than bottom. This means the portion of 
parison filling the top does not expand as far, hence does 
not thin as much, as the part filling the bottom. (B)—the 
thickness in the recess can be kept the same as that in the 


to reach that point. Thus to thicken a wall at a given 
distance, a thicker original tube wall must be chosen, as 
shown in the diagram above. 


Specify radii of not less than 3 in., preferably } in. or 
better, to avoid excessive thinning. Sharp square corners 
or radii below 4 in. are blowable if thinness can be tol- 
erated. Re-entrant corners can be blown if the re-entrance 
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Longitudinal oxis 





Loterial 
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\ ports cut 
aport here 











OPEN-ENDED, DEEP PARTS that tend to thin out 
excessively in thermoforming can be made as a pair 
by putting their open ends together, and placing the 
parison along their shared axis of symmetry. Once 
blown, cooled and ejected, the two pieces are cut 
apart at their joining line. Alternatively, a single, 
open-ended deep part can be blown as a completely 
closed piece; then one end is cut off after cooling and 
ejection. In either case, advantage of the method is 
that the molten plastic is not expanded as far in 
filling the mold laterally as it would be in filling the 
half-mold longitudinally from the mouth in a thermo- 
forming operation. Parts made by this blow-molding 
technique thus have more uniform thickness. 

















Parison thickened here 


rest of the part by tailoring the parison shape to provide 
extra material where needed. Here, the inside cross-section 
of the parison is made elliptical for a thickened mid-section. 
The precise shape required must usually be determined by 
trying a number of extrusion-pin shapes. Note that in all 
these examples the thickness at the parting line is shown 
as uniform; actually, there is some “gathering” at this 
point, depending on design of the pinch-off. 


is kept to about 2T in radial depth and 2T in height 
(where T is the material thickness at the corner 


Don’t expect metal-part tolerances, or even injection- 
molding tolerances on over-all dimensions; +5% on large 
parts is considered good commercial practice, though much 
depends on the complexity of the part. 


text continued, next page 
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PROPERTIES OF TYPICAL BLOW-MOLDING MATERIALS '!n order of decreasing stiffness) 





Flexure Charpy Impact Approximate 
Modulus, Strength, Cost, 
Material psi in.-Ib /in. cents /cu in. 


550,000 , 7 1.57 


Advantages Limitations 





Styrene acrylonitrile Chemical resistance Moldability 


copolymers 


Toughness with transparency 
High-heat distortion point 


Whites tend to yellow 
Cost 





Polysty: ene 


Cost, clarity, gloss 
Moldability 


Brittleness 
Chemical resistance 





Rigid viny]: 
Standard 
Impact 


10 
No break 


Chemical resistance 
Nonflammable 


Moldability, cost 
Heat stability 





Impact polystyrene: 
Medium 
High 
Extra high 


10 
15 
35 


Toughness, 
moldability, 
rigidity 


Opatity 

Abrasion resistance 
Weather resistance 
Chemical resistance 





Polypropylene 


No break 


Gloss, near transparency 
Chemical resistance 
Sterilizable 


Heat stability 
Low-temperature properties 





High-density polyethylene 150,000 
to 
100 ,000 


No break 


Sterilizable 
Chemical resistance 
More rigid than low- 


Embrittles at 100 C in air 
Warps more than impact 
polystyrene 


density polyethylene 





Polyethylene copolymers 100,000 


to 
40,000 


No break 


Moldability 


Stress-cracking resistance 


Flex life 


Tough at RT and low temp 


Odor different from 
polyethylene 





Low-density polyethylene 35,000 


to 
25,000 


No break 


Toughness 


Chemical resistance 


Moldability 
Flexibility 


Abrasion resistance 
Stress-cracking tendency 
Rigidity 





Nonrigid vinyl 20,000 





No break 


Flexibility 


Chemical resistance 
Weather resistance 


Cost 
Rigidity 








Mark blown parts with molded lettering, rather than 
with stamping, printing or decals. Such details, as well as 
grained surfaces and ribbing, are easily transferred from 


mold to part. 


Put all solid lugs at the mold parting line where the two 
flattened sides of the tube come together, giving sufficient 
material to fill the cavity. Note that such lugs will be 
no thicker than twice the thickness of the parison at 


EDITOR’S NOTE: Other recent ar- 
ticles on unusual ways to fabricate 
plastic parts include: 

Silicone Rubber Molds for Short-run 
Castings, Dec 26 ’60, p 50—Gives four 
steps for casting metal or plastic parts 
using molds made from room-tempera- 
ture-vulcanizing fluid silicone rubber. 

Epoxy Parts Cast by Centrifugal 
Force, May 23 ’60, p 45—For precision 
parts in quantities that don’t justify in- 
jection-mold costs, try casting in a 
simple centrifuge. Article shows how. 

Contour Weaving Gives 3-D Pre- 
forms for Reinforced Plastics, March 
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that point. Lugs and indentations can be placed else- 
where, but they will be essentially hollow rather than solid. 


Check size of part with molders to see whether equip- 


ment is large enough. Largest piece made so far is a 


in your area, 


21 ’60, p 47—Newest process for shap- 
ing fabric reinforcement gives high 
glass content, continuous fibers, and 
controlled glass distribution—three 
hard-to-find advantages for irregularly 
contoured parts. 

Wet Slurry Process Brings Precision 
to Reinforced Plastics, Feb 22 ’'60, p 
52—Making preforms by dunking the 
shape you want into a slurry of fiber- 
glass and cellulose gives improved con- 
trol over thickness and appearance. 

Design Rules for That New Process 
—Sprayed Reinforced Plastics, Feb 8 
60, p 41—Spray-up has become an eco- 


55-gal. drum with about *%-in. walls; longest is an auto 
heater-duct component 52 in. long. Materials suppliers 
can usually provide a list of well-equipped blow molders 


nomical process for making large parts 
from fiberglass-reinforced plastics, and 
it’s bidding for smaller parts too. 

Where Vacuum Forming Stands To- 
day, Dec 22 ’58, p 56—Also called 
thermoforming, this process can now 
make deeper parts and more complex 
designs using variations such as air- 
stretching and match-plate molding. 

Best Recipe for Casting Urethane 
Foam, Nov 10 ’58, p 86—Strong, light- 
weight parts can be made from this 
rigid foam plastic, but you have to 
know the latest about cavity design, 
formula choice, and controls. 
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how to BUILD SAFETY 
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into ELECTRONICS EQUIPMENT 


Here is a guide to protecting technicians against burns, 


shock, flying glass and themselves. 


F W WOOD JR, standards engineer 
Vitro Laboratories, Silver Springs, Md 


Worning plote Hondle 
d ~~ 


a \ 
nsuloted Enc/osure + 
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Caution 
600 volts 























Mefa/ case 




















Externa/ 
ground 











Inside wn 


ENCLOSURE around high-voltage supply prevents 
accidental contact. Put guards or barriers around 
all parts exposed on top of the chassis and carry- 
ing over 70 volts. Insulated cap guards against 
high-voltage plate terminal on top of tube. Warn- 
ing signs for all areas carrying over 500 volts 
should be permanent; should not scrape off, break 
off or fade. Grounding keeps external metal parts 
at safe ground potential. Handle for lifting keeps 
hands away from shock hazards. For working on 
underside, turn chassis over and use handle for 
supports. Both hands are then free for tests. 


No contact ~ 


equipment 
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Cooling 
louvers 


Door 


Door interlocking switch 
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DOOR INTERLOCK cuts out high po- 
tentials when door opens. At the same 
time, shorting bar discharges large ca- 
pacitors. Mesh behind cooling louvers 
keeps fingers away from high voltage 
on the inside. An alternative is to 
make louvers too small for fingers. 
Best solution, when possible, is to keep 
points of high potential out of reach. 


FUSE on load side of power switch is 
safer for operator. When switch is off, 
it protects him while he changes fuses. 
Even when switch is on, construction 
of fuse-holder doesn’t allow contact 
with line potential. Voltage drop 
through equipment keeps load side of 
fuse-holder at safe voltages. 


continued on page 57 














Quick shifts and surges of 


power put terrific strain on the 
a heart of a motor cycle transmis- 


sion—the gears. To be sure the 
gears in all models including the 
racing models would have maximum 


strength, Harley-Davidson engineers 
VO/) iT came to Timken Company steel ex- 
perts. They selected a special grade of 


Timken® fine alloy steel for the main 
shaft, countershaft and main drive gears. 
Result: Better performance —longer life. 
Cd, The Timken fine alloy steel used has the 
hardenability that assures maximum core 
hardness, along with the ductility needed to 
absorb shock and impact loads. And it has the 
strength to keep gears meshing more smoothly, 

more accurately, and longer. 
What’s more, because we target our process- 
ing to your end use, your products will have 
superior, uniform quality when you use Timken 
fine alloy steel. Let us show you how. Call or write: 
The Timken Roller Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable: ‘‘Timrosco’’. Makers 

of Tapered Roller 


Bearings, Fine Alloy ' ® 
Steel and Removable : 
Rock Bits. BI { 
Fine 
Timken Alloy Steel and Seamless Stoo! Tubing Are Availabe from Steel Service Centers in 44 Cities in the United states Alloy 
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ELECTRONICS EQUIPMENT continued 
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Satety gloss 


Screwdriver 
x adjustment 



































Cathode ray 
tube 





INSULATED COUPLING isolates high-potential com- BARRIER, consisting of safety glass 
ponent from screwdriver adjustment on front of panel. in front and a metal shield around 
Shield for controls far behind panel keeps screwdriver sides, will keep glass from flying if 


High-voltage panel meter 


RECESS METERS that carry high 
voltage. Front of panel and safety 
glass will provide extra protection for 
operator. 
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away from high voltage, and also guides it to slot. cathode ray tube implodes. 


High voltage 
500 VDC 


TP 102 — 
50 voc | i 


2 


50 VOC 


High 
resistance 











TEST POINTS on outside of chassis relieve technician 
of having to prod around under chassis. Be sure to 
include clear markings to indicate position of points 
in the circuit. 
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Torrington Drawn Cup Needle Bearing . .. 
for maximum radial capacity in minimum 
cross section... positioned by press fit— 
snap rings or shoulders unnecessary ... runs 
directly on hardened shaft... most com- 
pact, light weight, economical. 


Torrington Drawn Cup Roller Bearing... 
for higher speeds or long pregreased life 

thin section race for simple press fit... 
runs directly on hardened shofts... unit 
construction for easy assembly ... shaft- 
riding retainer. 


Torrington Heavy Duty Needle Bearing... 
for use with thin section or split housing where 
extreme impact loads require heavy ovter 
race...maximum shock resistance... full 
roller complement... unit construction. 
Torrington Heavy Duty Roller Bearing... 
for combination of high speed, long pre- 
greased life or shock resistance... roller 
stability provided by end-guiding...flange- 
riding retainer ... unit design. 

All of these types of bearings are available 
with inner races. 








NEEDLE + 


SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS + BALL + THRUST 
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Only Torrington Makes All Four! 


Torrington developed the Needle Bearing and its specialized 
variations. This breadth of experience assures impartial engineer- 
ing recommendations based on specific application requirements. 
You can rely on Torrington to recommend the most compact 
and economical design compatible with operating conditions and 
performance requirements. Call on your Torrington representa- 
tive for help in applying the right bearing in the right place. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Indiana. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


‘ 





Self-aligning locknut .. . 
develops full rated strength of 160,000 psi despite 8° angle of seating surface. Self- 
locking fastener swivels within spherical seat of a precision-alignment washer. ‘Tend- 
ency of the nut’s spherical seat to protrude over washer rim or overlap washer hole 
are reportedly eliminated. ‘Tests indicate no fatigue performance loss up to 8° of 
misalignment. Both components are alloy steel, operational to 550 F. Available in 
dia sizes #10 to 2 in., in class 3B National Coarse and Fine thread series. Delivery 
in 2 to 6 wk. Standard Pressed Steel Co, Jenkintown, Penna. 

Circle 300 on Reader Service Card 


Electric brake-clutch . . . 
has internal spring which is said to result in higher brake and clutch torque than 
similar size units. Size 8 delivers 8 in.-oz torque for braking or clutching and size 11, 
16 in.-oz. Former takes 12 millisec from brake-disengage to clutch-engage, while latter 
takes 23 millisec. Input and output shafts are coaxial and can be supplied with exten 
sions from either end or both ends. Output shaft is in center, and input shaft is a 
concentric sleeve-like flange. Size 8 is 1.530 in. long and weighs 2.5 oz; size 11 is 
1.839 in. long and weighs less than 5 oz. Operates on 28 v dc. Bowmar Instrument 
Corp, 8000 Bluffton Rd. Fort Wayne, Ind. 

Circle 301 on Reader Service Card 


Microminiature timing modules . . . 
can be used either as a self-contained solid-state time delay or to operate a separate 
microminiature magnetic relay. Module thickness varies from 4 in. up. Factory-set 
timings are from 0.1 to 60 sec; operating voltages is 24 to 30 v dc; operating ambient, 
—67 to 100 F; vibration, 20 g to 2000 cps; shock, 50 g, 11 ms; and timing tolerance 
over voltages and ambient range, +10%. Priced from $100 to $135 in quantities of 
1 to 4 with delivery in 30 to 45 days. Priced from $75 to $101.25 in quantities of 
250 and up—delivery in 60 to 75 days. G-V Controls Inc, Okner Pkwy, Livingston; 
NJ. 

Circle 302 on Reader Service Card 
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Analog-to-digital converters 
are reported to be accurate to 0.1% 
absolute. One model responds to an 
interrogating pulse with one proportional 
in duration to transducer input voltage; 
another responds to chain-pulse interroga 
tion, producing an output pulse train pro 
portional in number of pulses to trans 
ducer input voltage. Priced at $150 to 
$250 depending upon quantity and speci- 
fications. Delivery in less than 30 days. 
Electro-Logic Corp, 515 Boccaccio Ave, 
Venice, Calif. 

Circle 303 on Reader Service Card 


Worm-gear speed reducers... 
reportedly have 80% higher hp capacities 
than similar models. Ratings are from 
fractional to 175 hp. Nine sizes range 
from 3 to 12-in. center distances; ratios 
extend from 4 1/7: 1 to 95:1. Cooling fan 
of plastic or aluminum, said to be effective 
in either rotation direction, is mounted on 
input side of worm shaft to scour reducer’s 
finned outer wall. Eliminates need for oil 
seal. Prices range from $136 to $2376; 
delivery from stock to 2 wk, depending on 
unit size. Cleveland Worm & Gear Div, 
Eaton Mfg Co, 3300 E 80th St, Cleve- 
land 4. 

Circle 304 on Reader Service Card 


Metal plating . . . 

of controlled thickness can be deposited on 
almost any conductive material with ac 
power pack, plating styluses and nontoxic 
electrolytes. Totalizing amp-hr meter on 
power pack tells when desired plating 
thickness has been reached. Process also 
permits plating of selected areas without 


continued on page 60 
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COMPONENTS * MATERIALS * PROCESSES 
continued 

extensive masking or stopping off and with- 
out need for large electrolyte-filled tanks. 
Plating current is sent through component 
via two leads coming from rectifier. Cath- 
ode is clamped to workpiece, while graphite 
anode (in plastic handpiece) is wrapped 
with cotton and saturated with appropriate 
electrolyte. As anode is swabbed over area 
to be plated, metal deposits rapidly be- 
cause of high current densities. Solutions 
come in quart or pint bottles. Supplies 
and tools delivered in 2 to 3 wk. Selec- 
trons Ltd, 520 Fifth Ave, New York 36. 
Circle 305 on Reader Service Card 


DC static contactor... 
is basically a relay with no moving parts. 
Handles currents up to 70 amp, with 24 
to 31 de voltage (voltages to 280 v dc 
available). SPST contact closure can be 
instantaneous or delayed up to 120 sec 
or more. Weighs 3 oz and operates on 
1.5 w. George Harmon Co Inc, 18141 
Napa St, Northridge, Calif. 

Circle 306 on Reader Service Card 


SS 


Variable-speed belts .. . 
have reinforcing cords which resist stretch 
under severe operating conditions or in 
storage for long periods. Made of fiber- 
reinforced synthetic rubber, belts range 
from § to 3 in. in top widths and from 26.4 
to 170 in. in nominal over-all lengths. 
Lovejoy Flexible Coupling Co, 4856 W 
Lake St, Chicago 44. 

Circle 307 on Reader Service Card 


Time and event sequencer . . . 
schedules up to eight separate events to 
occur at time intervals of from 100 milli- 
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sec to 5 sec. Intervals said to be accurate 
within 5% of dial setting. Operates as a 
relay switch to trigger events. Approx 15 
in. high and mounts on a 19-in. relay 
rack. Requires 115 v ac. Atlantic Re- 
search Corp, Alexandria, Va. 

Circle 308 on Reader Service Card 


Miniature stake nuts... 
in floating and non-floating styles, require 
spaces 0.040 and 0.030 in. thick, respec- 
tively. Can be punched or drilled into 
single hole, with base providing positive 
stop. Self-staking operation allows parent 
material to cold-flow in such a way that 
an interlock is created between material 
and part. Said to save up to 33% hard- 
ware weight and to exceed MIL-N-25027 
requirements in push-out, torque-out and 
thread-locking. Kaylock Div, Kaynar Mfg 
Co Inc, Box 2001 Terminal Annex, Los 
Angeles 54. 

Circle 309 on Reader Service Card 


Full-circle clamp coupling . . . 
has alternating bolt arrangement on top, 
said to give it high mechanical strength 


and sealing power. Fits all common 
sizes of cast iron, asbestos-cement and 
steel pipe through 8-in. nominal. Has 
recessed armor and gridded gasket. Made 
of stainless steel with heat treated bolts 
and malleable iron lugs. Smith-Blair Inc, 
535 Railroad Ave, South San Francisco, 
Cal. 

Circle 310 on Reader Service Card 


Transistor-equipped timer . . . 
suitable for same applications as thermal 
delays, has instant reset and repeat accu- 
racy of +3% under voltage and tempera- 
ture variations. Time adjustment is either 


integral or remote. Standardization can be 
achieved with one basic module by chang- 
ing external timing resistor, thus varying 
time delay from 4 to 100 sec. Standard 
unit has SPDT or DPDT, 3-amp resistive 
contacts and operates from 18 to 32 v dc. 
Priced at $3.50. Delivery in 2 to 4 wk. 
Syracuse Electronics Corp, PO Box 566, 
Syracuse 1, NY. 

Circle 311 on Reader Service Card 


Glass-reinforced phenolic . . . 
continuously resists heat over 450 F when 
molded. Does not ignite for an average 
350 sec and burns for an average 45 sec. 
Dimensional change after thermal cycling 
is stated at 0.0005-in./in. max; dielectric 
constant, an average 4.53 at 1 megacycle; 
and arc resistance, an average 184 sec. 
Said to mold at extremely low pressure and 
is suitable for connectors, cams, gears and 
coil forms. Rogers Corp, Rogers, Conn. 

Circle 312 on Reader Service Card 


Cold-cathode indicator and 
trigger tubes... 


need no heating power, eliminating need 
for warmup time. Become inoperative 
during standby periods. On many types, 
molybdenum is sprayed on cathode and 
large area of glass envelope to improve 
cathode stability and maintain purity of 
neon gas within tube. 1T echnique also 
results in less breakdown and _ burning 
voltage spread. Included in line are sub- 
miniature tube for printed circuits; 
numerical display tubes; and selector and 
counter tubes that need no _ interstage 
amplifiers. Amperex Electronic Corp 
Semiconductor and Special Purpose Tube 
Div, 230 Duffy Ave, Hicksville, LI, NY. 

Circle 313 on Reader Service Card 


Photoelectric transducer 
converts... 
shaft angle to digital information and is 
based on interruption of a light beam by 
a slotted disk. Max speed varies from 
15,000 rpm at 128 counts per revolution 
to 1250 rpm at 2048 counts. Provides 
sampling rate up to 45,000 counts per 
sec. Voltage output is 12 v at 1 ma, 
while recommended operating tempera- 
continued on page 62 
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Don’t let in-line design get 
in the way of a compact product... 


“NEST’ COMPONENTS INSIDE 
THE BEARING BORE 


BEFORE 


Motor assembly redesign shown above is 
typical of the way Kaydon Reali-Slim bearings 
save space, reduce weight, cut costs! 


Kaydon thin-section Reali-Slim bearings provide valuable component 
space inside the bearing bore. And use of a hollow shaft permits utiliz- Shown here 
ing this space for control rods, linkages, collets, counter-rotating shafts, is an actual 
clutches and brakes, to name a few possibilities. size KA-100-CP 
With Reali-Slim bearings, you save weight and space in both bearing bearing, with 
and housing, reducing costs for materials, shipping, storage and handling. 914.” bore, 
And large-bore Reali-Slim bearings give closer support to the outer 14” cross section 
edge of rotating parts, instead of the center only, which gives more and 14” width 
rigidity and accuracy for moment loads. 
Stocked in 90 sizes! These Kaydon Reali-Slim Type CP bearings have 
Conrad deep-groove, ball-radial construction and new bronze, one-piece 
snap-over separator in 4” to 12” bore—1/,” to 1” width and cross section. 
Kaydon’s volume production cuts prices up to 76%, depending on size. 
Contact Kaydon now. Have the Kaydon sales engineer or distributor 
salesman in your area discuss Reali-Slim bearing applications for your 
products. Or write for free, fact-full “CP” bearing bulletin—with prices. 


eS ee 


MUSKECGCON-MICHIGAN 
All types of ball and roller bearings — #” inside diameter to 178” outside diameter . . . Taper Roller 
Roller Thrust * Roller Radial + Needle Roller * Ball Radial « Ball Thrust « Four-Point Contact Bearings 
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Heart of the Paragon-Revolute Star is 
its unique separation and development 
system — key reason why the Star will 
provide you more print production, per 
machine, per labor dollar. 

The Star’s air suction separation 
device is virtually infallible. At high 
speed, or any speed, the tracing and 
print are picked off the exposure cylinder 
by a unique air-knife and automatically 
separated by air suction. 

In the Star’s developing section, 
exclusive, patented features assure full 


PARAGON 
REVOLUTE 


development in one pass, at any speed. 
A preheater tube prepares incoming 
ammonia for “demand” vaporization. 
Perforated stainless steel rollers allow 
virtually 100% exposure of sensitized 
sheets to the vapor. Prints travel a 
shorter route, come through clearer, 
faster, and there’s 14 to 2 less ammonia 
consumption. 

You owe it to yourself and your com- 
pany to investigate the Revolute Star 
before buying any whiteprinter. The cou- 
pon brings you full details by return mail. 


DIVISION OF CHARLES BRUNING CO.,INC. @AUNING) 


77 South Avenue © Rochester 4, N.Y. 





Paragon -Revolute 

Advertising Department, Dept. PI-V 

1800 Central Rd., Mt. Prospect, Illinois 
Please send me information on your Star white- 

printers. Please arrange for a representative to 

contact me about a demonstration. 


Name_ 
Company 


Address 


Title 














City 
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COMPONENTS * MATERIALS * PROCESSES 
+ « « continued 
ture is 131 F. Rate information can be 
taken simultaneously with quantity, and 
electrical zero-reset is available. Produced 
in seven models. Electronics Div, Hydro- 
Aire Co, 2000 Winona Ave, Burbank, 
Calif. 
Circle 314 on Reader Service Card 


Alphanumeric display . . . 
operates at more than 100 characters per 
sec. Letters A through Z or number 0 
through 9 are 2 in. high. Display pres- 
entation can be either red, blue, green, 
amber or clear. Unit is suitable for side- 
by-side stacking on approx 3-in. centers. 
Transistor-equipped with built-in mem- 
ory. Uses 16 input-control lines, requir- 
ing —10 v pulse for display and memori- 
zation. Has electric reset that erases dis- 
play and control line that permits se- 
quencing of adjacent characters. Ro- 
botomics, 4624 E Garfield, Phoenix, Ariz. 
Circle 315 on Reader Service Card 


“Electric eye’’ smoke alarm... 
warns of smoke in air-circulating systems. 
Exact density of gases is always visible 
on meter. At any predetermined volume 
of light cutoff, unit shuts down fan and 
flashes red signal. Audible alert signal 
can be added. Photomation Inc, 96 S 
Washington Ave, Bergenfield, NJ. 

Circle 316 on Reader Service Card 


Organosol and plastisol primer 
can be applied by spray- or dip-coating 
and can be air-flashed or baked. Drying 
time when air-flashed is about 5 to 15 
min; when baked from 5 to 10 min. Ad- 
heres to aluminum, galvanized metal and 
glass. John L. Armitage & Co, 245 
Thomas St, Newark 5, NJ. 

Circle 317 on Reader Service Card 


Rectifier tube . . . 

is inert-gas-filled, allowing it to operate 
from —67 to 167 F. Suitable for appli- 
cations up to 250 v dc. Filament volts 
are 2:5; filament current, 21 amp +2; 
max dc output, 6.4 amp; and peak anode 


continued on page 65 
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FOUR NEW UNIVERSAL ELEcTrIC 
FRACTIONAL H.P. MOTORS 


featuring Free-Aligning bearings 
— either sleeve or ball 


UNIVERSAL ELECTRIC 

Type 23 4 pole sleeve bearing 
Type 63 6 pole sleeve bearing 
Type 523 4 pole ball bearing 
Type 563 6 pole ball bearing 


Primarily because of their new bearing assemblies 
(free aligning sleeve or free aligning ball), these 
four new UNIVERSAL motors operate at a reduced 
noise level, start easier and assure an extremely 
long operating life. They insure maximum per- 
formance and efficiency for kitchen ventilators, 
unit heaters, evaporative coolers, condenser fans, 
refrigerated cabinets, etc. These UNIVERSAL 
ELECTRIC motors also offer the perfect flat speed 
torque curve necessary for critical air moving or 
recorder applications. 

















UNIVERSAL Ball Bearing Assembly is resiliently sus- 

pended in a neoprene collar confined in small metal clips 

that allow free movement along bearing support surface. 

With axis of support at its center, bearing can adjust to 

any shaft misalignment. Advantages: reduced noise 

level, easier starting, no snap rings or shoulders or undercuts for 
stronger motor shaft, no pre-loaded bearings due to misalig t 
for free-running motor, longer motor life. 














UNIVERSAL Sleeve type bearing eliminates fhp --8 
motor bearing problems due to misalignment. Like 1/50 
| ball bearing assembly, sleeve bearing is inherently 1/35 
in balance; can adjust to any shaft misalignment 1/25 
100% of the time under any load conditions. 1/15 


1/12 
SPECIFICATIONS 


Shaft Diameter—%e or ¥% inches 6 POLE SPECIFICATIONS 
Mountings—4 point on 27%" or 34%2” (either end 
of motor) Watts Amps. 
Either Fan or Mechanical Duty; Internal Fan HP. Speed Input Input 
Available 1/60 1000 75 10 
All Angle Operation 1/40 1000 35 13 
—Drawn steel, formed and embossed for 
pe amma rigidity, compact, rugged design 1/20 —— = + 4 
Rotor—Diecast and machined to precision toler- 1/20 sess w7s 33 
prehti 1/15 1000 230 3.1 
Dual and Three Speed Windings 
115 or 230 volt, 50 or 60 cycle Write for complete specifications on your requirements. 
Totally Enclosed Types Available 
Complies with CSA and U/L Requirements 



















































































mt 


UNIVERSAL ELECTRIC COMPANY  |\¢ 
PRECISION ELECTRIC MOTORS Ul 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 12 56 
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let these hands 


relieve your draftsmen 
from tedious hand 


] Varily 


lettering time of 


Type [ saves 
draftsmen 


Save your draftsmen’s valuable time 
for more creative work. VARITYPER, operated by your 
office typist, can letter up tracings 12 feet or more in 
width. Type is instantly changeable affording a choice 
from hundreds of different styles and sizes. You can 
letter up such jobs as bills of materials, specifica- 
tions, forms, instruction manuals, etc. Letters directly 
on cloth, offset plates, stencils and paper. 

This copy, for example, was prepared 
on a VARITYPER (Model 610). The Headlines were 
photo-composed on the HEADLINER. 


VARITYPER CORPORATION 
SUBSIDIARY OF ADORESSOGRAPH-MULTIGRAPH CORPORATION 


Cutting Costs Is Our Business 
@eeeeeeeeeeeeeeeeeeeeeeeee00008686 
VARITYPER CORPORATION Dept. E-3 
720 Frelinghuysen Ave., Newark 12, N.J, 

Please send VARITYPER Book E-3 
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RELIEF VALVES 


WITH 


@ EXCLUSIVE FEATURES 
@ SMOOTH OPERATION 
@ LONG LIFE 


PILOT-OPERATED RELIEF VALVE 


Hydraulic relief valve limits system’s maximum 
operating pressure at constant level, though 
flow rate varies. No leakage loss below cracking 
pressure. Pilot valve controls pressure setting 
— main valve instantly conforms. Remote 
pilot available to lower setting of integral pilot 
control. 3 pressure 
ranges: 50 to 1200 
psi; 1000 to 3000 
psi; 2500 to 5000 
psi. 50,000 tensile 
semi-steel body 
standard aluminum 
alloy to order. FMP 
or str. thread gasket 
seal bosses, 4” to 
14”. Panel mount- 
ing bosses. 
Modified units avail- 
able as Sequence 
Operating Valves; 
and as Unloading 
Valves for clamping 
or other two-pres- 
sure applications. 


POPPET TYPE RELIEF VALVE 


Smoothly sliding poppet, seated by a stain- 
less steel compression spring is the simple 
design of this rugged unit. External adjust- 
ment. Two types of sealing elements avail- 
able. Soft seal ts for air, gas, and 
liquids, with no leakage; stainless steel 
poppet for general hydraulic applications. 
Other poppet materials available for special 
chemical services. Eleven pressure ranges 
to 2750 psi, 4%" to 4%” tubing, internal 
straight threading. SOF stad — specials to 
400°F. Aluminum alloy, brass, or stainless 
steel. 


ADJUSTABLE IN-LINE RELIEF VALVE 


External relief adjustment without breaking line is the feature of 
this 5000 psi relief valve. Limits hydraulic system’s maximum 
pressure at constant level, with minimum rise above cracking 
pressure. Turning locknut on body varies relief pressure adjustment 
spring in pilot valve. Free reverse flow. 2 pressure ranges: 50 to 2500 
psi; 2000 to 5000 psi. Stainless steel body with hydraulic o-ring, -65° 
to 160°F standard. yy + 4 other fluids, and higher tempera- 
tures available. Flare or less tube connections 44” and 4”. 


Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR GLOBE NEEDLE PLUG 


jai 
REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD «+ CLEVELAND 35, OHIO 
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COMPONENTS * MATERIALS + PROCESSES 

. - continued 

current, 80 amp. Lug base is standard, 

while four-pin and bracket type bases for 

panel mounting also are available. Na- 
tional Electronics Inc, Geneva, II. 

Circle 318 on Reader Service Card 


Split-capacitor motors . . . 
are rated from 1/15 to 4 hp at 1050 rpm 
and 115 v, 60 c. Can be wound for 


208- or 230-v operation at 50 or 60 c. Have 


full-skew, centrifugally cast rotors with 
distributed-wound stators and 4-in. bear 
ings. Leece-Neville Co, 989 Athens St, 
Gainesville, Ga. 

Circle 319 on Reader Service Card 


Dual centrifugal blower .. . 
for aircooling high-power electronic equip- 
ment, delivers 1700 cfm at a static pres- 
sure of 1.4 in. of water (standard density) 
Operates on 220, 440-v, 60-cps, 3-phase 
power. Measures 20.6 x 14.6 x 14.9 in. 
Torrington Mfg Co, Torrington, Conn. 
Circle 320 on Reader Service Card 


Plug-in relays... 
are from stock in 115 v ac coil ratings. 
DPDT contacts each are rated at 15 amp. 
Available as aluminum-enclosed or unen 
closed models. Plugs are standard octal 
types which fit standard octal vacuum 
tube socket Ohmite Mfg Co, 3631 
Howard St, Skokie, Ill. 

Circle 321 on Reader Service Card 


Magnetic amplifiers . . . 
ire available as static devices in seven 


sizes from 75 to 400 hp. Suitable for 
variable-speed dc motor drives and for 


continued on page 67 
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LONG: LIFE, THOMSON ‘*Snap-In™ 
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-BEARINGS of smooth, tough DuPont NYLON 


ae ’ 
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Low Cost Low Cost Low Cost 
FLANGED Nyliner SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


OST LESS to BUY 
COST LESS to INSTALL 
¢ ELIMINATE LUBRICATION 


Additional Benefits: 


LOW FRICTION INSTANTLY REPLACEABLE 
RESIST POUNDOUT RESIST ABRASION 


CLOSE’ FIT - 
* 

NO FRICTION OXIDATION © MINIMUM SPACE 
* 
o 
o 


LONGER LIFE 
EASILY INSTALLED 
LESS SERVICING 
SELF-RETAINING 
RESIST CORROSION 


DAMP VIBRATION SILENT OPERATION 
OPERATE IN LIQUIDS LIGHTEST WEIGHT 
NON-CONTAMINATING REDUCED WEAR 


Engineered to Solve Problems ... Improve Products... 
Reduce Costs! 


NYLINER Bearings are a highly engineered thin liner of DuPont Nylon, designed 
to bring bearing users the many benefits of Nylon as a bearing material by solv- 
ing most of the limitations surrounding its use. The compensation g@p -prin- 


ciple assures maintenance of diametral tolerances for precision applications 


Seven Standard Types available from stock. Write for literature and name of 


our local representative who stocks NYLINER Bearings for immediate shipment 








Also— \ —Manufacturers of BALL BUSHINGS .. . the Ball Bearing for Linear 
Motions and 60 CASE... Hardened & Ground Steel Shafting 
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New! Versatile Cutler-Hammer 
oiltight pushbuttons let you 
make any station you want 


The new interchangeability built into these operators 
lets you create the station you want from a complete 
selection of Cutler-Hammer pushbuttons. Get them 
in one hole or base mounting, 6 bright colors. Thirty 
different circuit arrangements can be made in hun- 
dreds of varieties of stations in standard arrangements 
of up to 25 elements. Get up to 8 circuits on one push- 
button. They take 40% less back-panel space than 
next smallest unit so you get more control in less 
space. Get facts in PUB. LO-104-B249. 


WHAT'S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin « Division: Airborne Instruments 
Laboratory « Subsidiary: Cutler-Hammer International, C. A. « Associates: 
Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S.A. 








16236 Arrow Highway, Azusa, California . 
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DIE CAST ALUMINUM 


WHEELS 
4, 5, and 6 INCH DIAMETER 


These tough precision die cast aluminum wheels of 380 alloy 
(B-85-46T) are light and handsome. They feature wide rims 
for better traction and ongey Timken tapered roller bear- 
ings in the free wheels. The outside rim is buffed to a 
gleaming finish and some models sell for less than ordinary 
steel wheels. Ideal where weight and strength are important 
factors. Some applications include TV camera dollies, hos- 
pital carts, golf carts, intra-plant delivery vehicles, portable 
power equipment, and others. Thousands have been sold to 
the new arting sport, where they have had tortuous 
trials with speeds up to 85 miles per hour. Bearing wheels 
(4, 5, 6” Dia.) have 4%” and %” bore. Drive wheels (5 and 6” 
Dia.) have %” and %” keyed bore. The AZUSA Wheels are 
available with tires of your choice. 


Manufacturer and Distributor inquires will receive prompt 
attention. Samples are available on your letterhead request. 


engineering, inc. 


YOrktown 2-3377 
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MINIATURE HEADLESS 
SLOTTED SET SCREWS 


put your needs in 
MOORE'S capable hands 


Wherever you require precision miniature headless slotted 
set screws, you can depend on Moore to meet your require- 
ments to complete satisfaction. Prices are right. Delivery is 
fast. And quality is to the highest industry standards. Avail- 
able in sizes #0 through #4 in a wide selection of materials, 
finishes, lengths and points. 


Specify Moore and be sure. Dependable quality 
for over 80 years. Write for price catalog. 


1 801 °F: 8 2mm George W. Moore, Inc. 


SET SCREWS since 1880 
92 Beaver St., Waltham 54, Mass. 
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PRECISION-FORMED 
METAL 


COMPONENTS 








Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra- 
ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


c. 8B. KAUPP & SONS 
Metal Craftsmen since 1924 
NEWARK WAY, MAPLEWOOD, N. J 


L i Telephone: SOuth Orange 3-2490 
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| have 0.015 to 0.680-u farad rating; in | 
| 600-v range, 0.001 to 0.100 » farad. Four- 


| long. 


COMPONENTS * MATERIALS * PROCESSES | 


+ « +» continued 


controlled de power in plating, electro- | 
chemical processes, accelerator magnets, 
etc. Vickers Inc, Electric Products Div, 
1815 Locust St, St Louis 3. 

Circle 322 on Reader Service Card 


¥Y4-in.-dia handles . . . 
are available in brass or aluminum and in 
four lengths: 2, 3, 4 and 6 x 14 in. Fin- 
ishes include black oxide; light polish and 
0.0005-in. nickel plate, black alumilite; 
and alumilite semifrost. Cambridge 
Thermionic Corp, 445 Concord Ave, Cam- 
bridge 38, Mass. 

Circle 323 on Reader Service Card 


Induction motor... 
for driving axial-vane blowers, operates in 
temperatures up to 356 F and in altitudes 
up to 30,000 ft. The 14-hp unit has a 
7500-rpm speed rating; 200-v, 400-cps 
voltage rating ;and 0.875 lb-ft torque rat 
ing at full load. Kearfott Div, General 
Precision Inc, 1150 McBride Ave, Little 
Falls, NJ. 

Circle 324 on Reader Service Card 


Dual-actuated brake. . . 
available in 15-in. dia and 24- to 7-in. 
widths allows large amount of air to cir- 
culate between wheel rim and drum for 
better cooling. Said to cut heat fade by 
38% and to prolong drum and lining life 
by 50%. Can be either air- or hydraulic 
actuated, simply by interchanging units. 
Reported to be 35% lighter than similar 
capacity designs. Rockwell-Standard Corp, | 
Brake Div, Ashtabula, Ohio. 
Circle 325 on Reader Service Card | 


Tubular capacitors . . . 


made of aluminum foil and Mylar dielec 


tric film, are available in 100-, 200-, 300-, 
400- and 600-v ratings. In 100-v range, 


teen sizes measure from 0.188-in. dia x 
0.750 in. long to 0.562-in. dia x 1.34 in. 
Standard capacitance rating is 

continued on page 69 
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RULON — first 
practical fluorocarbon 
for cup packings 


Dixon’s new post-forming technique 
makes use of Rulon’s plastic memory 
to insure tight seals under all condi- 

. at lower cost than ever 


Packings of Rulon (filled TFE) 
give you: (1) low friction, (2) high 
resistance to wear, (3) low deforma- 
tion under load (2 that of Teflon*), 
(4) wide temperature tolerance 
(—400° to +500°F), (5) chemical 
inertness, (6) lube free operation, 
and (7) zero water absorption. 


RULON now serves in pumps, 
valves, motors, compressors and 
scores of other products manufac- 
tured by leading companies across 
the nation. Dixon offers the widest 
variety of basic shapes, both in 
RULON and Teflon . . . plus engi- 
neering capability to formulate spe- 
cial reinforced fluorocarbons for 
special needs. Also, Dixon can sup- 
ply molded, machined, stamped, cut 
or extruded parts to meet your print. 

See our guide-book 
on RULON, Bulletin 
#9572, in Sweet's Prod- 
uct Design File or send 
details for recommenda- 
tions. DIXON COR- 
PORATION, 10 
BURNSIDE ST., 

BRISTOL, R. L. otenta. 


DIXON 
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@ High moisture resistance 


@ Shock mounted for longer 
life 


@ 2 to 30 pounds—push or 
pull 


@ AC or DC models 

@ Compact design 

@ Quality built 

@ Industrial quality Miniatures 


A model for every need. Special solenoids engineered to your needs. 


2435 HILTON ROAD, 
DETROIT COL COMPANY FERNDALE 20, MICHIGAN 
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PLAN HOLD VERTICAL and ROLL FILES 
Engineered to save time, space and money 


Systematic filing is practically ? Valuable plans are fully pro- 


» automatic; you find what you ,— tected; never dog-eared, muti- 
want in seconds... reducing lated or lost... saving more 
clerical time and overhead. timeand replacement expense. 
PLAN HOLD Vertical and Roll Files come in fixed, mobile or portable 
units and security cabinets. See them at your engineering supply or 
office equipment dealer. Or write direct for illustrated catalog and 
price list to: 


PLAN HOLD CORPORATION Dept. 60 
5204 Chakemco St., South Gate, Calif. 
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COMPONENTS * MATERIALS * PROCESSES 
continued 
+10%, while +1%, +5% and +20% | 
tolerances are available. Capacitor Div, | 
Faradyne Electronics Corp, 471 Cort- 


landt St, Belleville, NJ. 


New! Redesigned Mi-D 


HEAVY-DUTY 
BLOWERS... 


M-D BLOWERS ARE BETTER THAN EVER! 12 new fea- 
Torque table... tures have been added to make M-D blowers even more 
for hydraulic pumps and motors, is a re rugged and reliable and to guarantee positive oil-free 
action dynamometer which senses torque flow under the most severe operating conditions. These 


through flexures afhxed with bonded strain . _ ‘ ‘ 
eg : : improvements plus M-D’s exclusive 3-lobe rotor design 
gages. Measurements are independent of 


flow rate and hydraulic supply pressur (which eliminates the possibility of rotor deflection at high 
\vailable in ranges from 50 in.oz. Le- speeds) permit operation at constant pressures up to 15 
bow Assscistes Inc, 14057 W Eleven PSIG in single-stage and to 70 PSIG in multi-stage with 


Mile Rd, Oak Park 37, Mich. on . 
Cleche 287 en Rener Gareies Cand capacities ranging from 30 to 4000 CFM. 


SPECIFY M-D ROTARY POSITIVE BLOWERS 
FOR: Smallest Cube Dimensions + Widest Pres- 
sure Range * GUARANTEED Flow (Factory 


Tested). Oil-Free Air Flow 


Write for new free descriptive literature 


M-D BLOWERS, Inc. 


Racine, Wisconsin 


Taped control center . . . 
initiates an “on” and “off” circuit in 
eight separate switches at any time inter- 
val from 30 millisec to 2 yr. Instrument 
itself is controlled by 8-channel punched 
tape for fully automatic, semiautomatic or ’ 
manual programing. Complete programs A 4 M-D blowers can be 
can be changed in minutes by changing mounted on any engine 
tape. Measures 16% x 12 x 44 in. Priced 
at $895. Delivery from stock or in 2 wk. 
Electronics Div, Crestmont Consolidated 
Corp, 2201 W Burbank Blvd, Burbank, 
Calif. 





Circle 328 on Reader Service Card 





. ee nee” i 
Tiny temperature-indicating A ieee 
label... z 
is a 4-in.-sq adhesive tab that sticks on jit. 
most surfaces, and turns black when its r 
temperature reaches any predetermined 
value between 100 and 500 F. Accuracy 
is said to be +1%. Pyrodyne Inc, 11973 


San Vincente Blvd, Los Angeles 49. phe 
A Subsid f (Mao a -DEXTER, INC. 
Circle 329 on Reader Service Card ne AS Et S-Soe 
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solve your 
insulation and 
permeability 
problems with 


*, 
aD: 


Stoner's SMR has broken through 
the thermal sealant barrier that 
has faced the missile and rocket 
industry for many years. 

The varied shapes and forms that 
this versatile material has taken 
includes: chamber sealants; liners; 
insulation for head closures; high 
temperature insulation; prefab- 
ricated proofed sleeves and 
bladders, as well as other 
critical applications for rocket 
components. 

SMR is also being used to advan- 
tage in plastic molding compounds 
and pre-preged laminates. 

*SMR is a special Silicone Modified 


Rubber produced by Stoner Rubber 
Company, inc. 


Photo cf Rocket Chamber courtesy of 
Aerojet-General Corporation 


FREE IDEA CATALOG. 
Technical information on 
SMR and other Stoner 
products in this 24 page 
catalog will help 
solve your rubber 
problems. 


= 1 tae? A TOUGH 
THERMA NER AND 
RELIABLE SEALANT FOR 
MISSILE AMD ROCKET 
CHAMBERS. This unique 
rubber has exceptional 
high bond strength at 
elevated temperatures. 


A subsidiary of 
CARLISLE CCRPORATION 


TONER RUBBER 
COMPANY, INC. 


10792 Knott Ave. Anaheim, California 
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The Autobiography of Science 


Edited by Forest R. Moulton & Justus J. Schif- 
feres. Doubleday & Co Inc, Garden City, 
NY. 82 x 52. 748 pp. $5.95. 

This book is just what its title sug- 
gests—a history of science in the 
words of those that made it. Starting 
with the Book of Genesis, Chap I, and 
concluding with passages from Donald 
Culross Peattie’s “Almanac for Mod- 
erns,” the editors take the reader on 
a comprehensive tour of the develop- 
ment of scientific thought as expressed 
by those who lived it. Other books 
have made an attempt at digesting 
the great scientific writings but their 
common failing has been in preparing 
an accurate, readable explanatory text. 
Thanks to Justus J. Schifferes and the 
late Forest Ray Moulton, former sec- 
retary of the American Association for 
the Advancement of Science, this 
shortcoming has been overcome. This 
text is most readable and contributes 
a wealth of valuable background in- 
formation. 

Although the book was originally 
published 15 years ago, this second 
edition contains almost 100 new pages 
covering the most recent scientific 
developments and advances in engi- 
neering. —BAL 


Computer Logic 


IVAN FLORES. Prentice-Hall Inc, Englewood 
Cliffs, NJ. 64 x 9%, 458 pp. $12. 


Despite its subtitle (“The Func- 
tional Design of Digital Computers’) 
this book is not a designer’s handbook, 
but simply another description of 
what a digital computer is and how it 
works. However, the author has chosen 
a unique approach. He shows the 
computer and its elements in the form 
of block diagrams and eschews com- 
puter-design mathematics, Boolean 
algebra, electronics and _ circuit 
theory. Most of us will never miss 
them. The how-it-works aspect is han- 
dled in greater detail than is cus- 
tomary—even to the point of includ- 
ing numerous 3-D sketches of the 
functional mechanism of tape punches, 
printers and other mechanical devices. 
The text is clearly written and neatly 
divided into one- and two-paragraph 
bites with marginal subheads. An- 
other unique feature is the thorough 


glossary at the back of the book—50 
pages of concise definitions of com- 
mon computer terms. The book is 
organized inductively: the author be- 
gins with an over-all look at the ma- 
chine and what it can do, and then 
proceeds to the details of how it does 
it. —CJL 


Digital Applications of 
Magnetic Devices 


Edited by Albert J Meyerhoff. John Wiley & 
Sons Inc, 440 Park Ave South; NY 16. 6 x 914, 
604 pp. $14. 


Magnetic cores have many advan- 
tages as digital memory elements: they 
are small, consume little power, have 
fast switching times and high resist- 
ance to shock, temperature extremes 
and nuclear environments. They are 
also simple, but not so simple that a 
slim volume will serve to describe their 
theory and application—this one is 
604 pages. 

The book is not written by a single 
‘uthor but is a compilation of papers 
from several authors, all members of 
the staff of the Burroughs Corp Re- 
search Center. It is divided into five 
major parts: introduction, parallel 
magnetic-pulse amplifiers, series mag- 
netic-pulse amplifiers, memories, tran- 
sistor magnetic-pulse amplifiers. In ad- 
dition, there are chapters on carrier 
magnetic amplifiers and multiapera- 
ture-core magnetic-pulse amplifiers. 
The introduction is of questionable 
value; it is doubtful that anyone who 
wants to learn the technical details of 
magnetic devices will not already be 
familiar with most of the material in 
these first four chapters. The other 
chapters are well illustrated and fully 
indexed. —CjL 


Other Books of Interest 


Ninety Seconds to Space—the story 
of the X-15. 
JULES BERGMAN, Hanover House, Garden 
City, NY. 102 x 7. 224 pp. $4.50. 

Account of the X15 and of other experi- 
mental aircraft—X-1 through Dyna-Soor. 


Management Guide for 
Maintenance Supervisors 

Lewis, Pearson. John F Rider Publisher Inc, 
116 W 14th St, NYC. 5¥2 x 8%, 57 pp. 
$1.25. 


continued on page 73 
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LAMINA CARBIDE DIES 


with Lamina-Bronze 
Guide Pin Bushings 


Carbide dies designed and built by Lamina.assure full 
realization of your production requirements. Lamina- 
bronze guide pin bushings are wring-fit in the die shoe 
to provide distortion-free, full-bearing surfaces that 
result in better die alignment, less maintenance and 
longer die life. For more accurate press operation, 
higher production and lower costs—standardize on 
Lamina dies and details. 


DIES AND TOOLS, INC. 
P.O. BOX 31, ROYAL OAK, MICHIGAN 


WE WOULD BE PLEASED TO QUOTE 
ON YOUR CARBIDE DIE REQUIREMENTS 
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Now you can mount 


CLARE 


BILLION- 
OPERATION 


RELAYS 


on your own 
printed circuit 
board 


Typical Clare mercury-wetted relay 
steel-enclosed modules for 
circuit-board mounting. From top: 
HGSM Relay Module, HGM Relay 
Module, HGPM Relay Module. 


WOULD YOU PAY $250 


total tooling and labor cost 
for 1000 pieces of this part? 





DAYTON ROGERS 


2824 13TH AVENUE SOUTH, MINNEAPOLIS 7, MINNESOTA 


72 


PART SHOWN ACTUAL SIZE 
STOCK THICKNESS: .006” 
TOOLING CHARGE—$130.00 


LABOR PIECE PRICE 
in quantity of 1OOO—12¢ each 





Dayton Rogers Photo-Mechanical Duplicat- 
ing turns out any desired quantity of parts to 
close tolerances and free of burrs without the 
use of dies or stamping equipment. 

By this process of photographic reproduc- 
tion it is possible to produce many intricate 
shapes at an unusually low first cost. Maxi- 
mum latitude is allowed the designer in 
modifying original designs without costly 
work-over of dies. Low set-up cost makes 
even the smallest lots economically feasible. 
Stocks up to .020” in thickness and parts up 
to 18” by 24” in size are readily handled. 


For information, consultation or quotation contact: 


PHOTO- MECHANICAL DIVISION 
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Epoxy molded Relay Modules are 
also available 


Mercury-wetted contact relays, steel- 
enclosed and ready for mounting on your 
own assembly line, give you Clare 
reliability in operation, combined with new 
ease of application and handling. Clare 
HG and HGS relays have test records of 
over 10 billion operations, without 
maintenance or change in characteristics. 
In these new modular cases, they’re sturdy, 
magnetically shielded, easily replaceable. 

Choose either the standard Clare HG 
relay, or the HGS—super-fast and super- 
sensitive. You'll gain extra convenience 
and increased component-density with 
these Clare Relay modules. 


Each relay contains one or more of these magnetic 
switches. Mercury-wetted contact surfaces are 
continually wetted by capillary action; they never 
bounce, never get dirty, never weld, and 

never wear out. 


Get Bulletin CPC-8 for detailed specifications, character- 
istics, dimensions: Ask your Clare representative, or address 
C. P. Clare & Co., 3101 Pratt Bivd., Chicago 45, Illinois. In 
Canada: C. P. Clare Canada Ltd., 840 Caledonia Road, 
Toronto 19, Ontario. Cable address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Control Components 
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DESIGN LITERATURE.........continued 


Mathematical Recreations of Lewis 


Carroll 
Vol 1—Pillow Problems and a Tangled Tale. 
Vol 2—Symbolic Logic and The Game of Logic. 
LEWIS CARROLL. Dover Publications Inc, NYC. 
8 x 5% (paperback). Vol |, 295 pp Vol Il, 
261 pp. $1.50 ea. 

The original works of Charles L. Dodgson, 
reprinted, ore as much fun today as they were 
in 1880. 


Management Guide for 
Production Control 

Lewis, Pearson. John F Rider Publisher Inc, 
116 W 14th St, NYC. 5¥% x 8%, 61 pp. 
$1.40. 


National Electrical Code Handbook, 
10 Edition 
Revised by Frank Stetka. McGraw-Hill Book 
Co Inc, 330 W 42nd St, NY 36. 5Y2 x 8%, 
680 pp. $10. 


RCA Receiving Tube Manual 

Radio Corp of America, Electron Tube Div, 

Harrison, NJ. 52 x 8%, 432 pp. $1. 
Discusses tube characteristics, applications, 

classifications and the circuits in which they 

ore used. 


ABSTRACTS 
FROM THE LITERATURE 


Gear-tooth Friction 

In the analysis of scoring of gear- 
tooth surfaces, it has been fairly well 
established that the welding is a re- 
sult of failure of the lubricant. ‘This 
failure is believed to occur at a critical 
temperature which is reached by 
frictional heating of the surfaces. The 
purpose of this work has been to pro- 
vide a better understanding of the 
coefficient of friction so that the scor- 
ing resistance and surface durability 
of gears can be predicted more ac- 
curately. 


“Instantaneous Coefficients of Gear Tooth 
Friction,” Benedict, Kelley, Caterpiller Tractor 
Co. American Society of Lubrication Engi- 
neers Paper No. 60 LC-2, 5 N Wabash Ave, 
Chicago 2. 


Two-line Hydraulic Diagrams 
The author suggests representing 


hydraulic systems by “two-line” hy- 
draulic diagrams—analogous to two- 

line electrical schematic diagrams—in 
which one line represents supply pres- 
sure and the other return to tank. 
This yields a hydraulic diagram that 
looks like an electrical schematic and 
requires the introduction of new sym- 
bols that display hydraulic control ele- 
ments by their individual system 
function, rather than assembled in 


ae 


continued on page 75 
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Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 





They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 


> Tr 
See Seees ane. 
t + 
eeuseeees seesest 
pseseeess 























and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD 66DD. 


DUFF-NORTON COMPANY 


Four Gateway Center - Pittsburgh 22, 


DUFF-NORTON JACKS 


Ratchet - Screw 
Hydraulic « Worm Gear 


DUFF-NORTON 
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COFFING HOISTS 


Ratchet Lever « Air 
Hand Chain e Electric 
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..most efficient! 
.. least costly! 


ooTz 
ANUFACTURING 


OMPANY, INC. 1400 PARK STREET 


EVANSVILLE 7. INDIANA 
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Stacor-Matic’s ' got it... 


%& One unit serves 2 men 
* Saves Time 

* Saves Space 

*& Cuts Fatigue 

*® Increases Production 





Complete Drawing 
Station for one man 


Reference Desk 
and Files for 
another man 
Write today for STACOR-MATIC brochure 


and complete new STACOR Catalog. 











soa (Nowe 


STACOR EQUIPMENT COMPANY 
Manufacturers of Lifetime Quality Equipment for Schools, 
Libraries and industry 
291 Emmet Street, Nework 5, N. J. © Bigelow 2-6600 
Bost artford, 
Warehouse Stocks in: anes i, ot, a Lag ettenaes ienaosth, Los 
Bir Toronte,” Washington. 











USE 
THE 
READERS 
SERVICE 
CARD 


for: 
additional product 
information 


copies of catalogs 


& bulletins 
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DESIGN LITERATURE continued 


conventional component configura- 
The proposed symbols are de- 


tions. 
fined. 
“Two-line Hydraulic Diagrams,” G. Stelmach, 


Foundry and Mill Machinery Div, Blaw-Knox Co. 
Control Engineering, 330 W 42nd St, NY 36. 


Fatigue Failures of Bearings 
A review is given of investigations to 
date on the cause of pitting of anti- 
friction bearings and of the resulting 
theories attempting to obtain a gen- 
eral view of the whole problem. 
“On the Problem of Fatigue Failures of Anti- 
friction Bearings,” Schreiber, Ulsenheimer. 
Translated from “Wear” (Netherlands). Order 


from SLA Translations Center, John Crerar 
Library, 86 E Randolph St, Chicago 1. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. 


INDUSTRIAL AIDS—Catalog 609, 144 
pp. Describes and illustrates several hun- 
dred science, math and optical-equipment 
items, ranging from design kits to war- 
surplus lenses. Includes prices. Edmund 
Scientific Co, Barrington, NJ. 

Circle 350 on Reader Service Card 


LOCKNUTS—Catalog 
Covers design and 
typical applications, specifications, load 
ratings, and materials and finishes of 
regular hex, integral-washer, acorn, wing 
and adjusting nuts. Curve shows load vs 
deflection to determine screw tension. 
Palnut Co, 5-L Glen Rd, Mountainside, 
NJ. 


592-A, 24 pp. 
locking _ principle, 


Circle 351 on Reader Service Card 


MAGNET-OPERATED 
SWITCH-—Bulletin GEA-7305, 4 pp. 
Outlines performance, dimensions and 
specifications and illustrates proper instal- 


LIMIT 





| 
La 
mY 
"Looks like Henry is getting the formula on 
how old J]. B. became a selfmade man...” 


lation and mounting. General Electric 
Co, Schenectady 5. 


Circle 352 on Reader Service Card 


PANEL FASTENERS-—Brochure 2-1429, 
6 pp. Discusses performance and alternate 
configurations and applications. Tabulates 
dimensions and illustrates installation of 
P-nut and retainers. Push-out, torque-out 
values of P-nut in vibration tests are 
charted. Hi-Shear Corp, 2600 W 247th 
St, Torrance, Calif. 

Circle 353 on Reader Service Card 


BALL JOINTS—Catalog 250, 4 pp. Illus- 
trates five basic motion principles to show 
how ball joints solve contraction and ex- 
pansion problems in piping. Specifications 
are given for eight sectiens. Barco Mfg 
Co, Barrington, III. 

Circle 354 on Reader Service Card 


PLASTIC PRESSURE VESSELS—Bul- 
letin 140, 6 pp. Contains data curves 
for designing own vessel, including those 
estimating size, determining wall thickness 
and calculating final weight and size. 
Compares tensile strength and other 
characteristics of fiberglass-reinforced plas- 
tic material with that of aluminum, tita- 
nium, and heat-treated steel. Lamtex In- 
dustries Inc., Farmingdale, NY 

Circle 355 on Reader Service Card 


ROLLER-CHAIN SPROCKETS—Cata- 
log 320, 36 pp. Tabulates dimensions of 
sprockets in 1013 sizes from %- to 24-in. 
pitch and from 8 to 112 teeth. Also 
contains cutaway drawings and instructions 
on drive selection, mounting and lubrica- 
tion. Fort Worth Steel & Machinery Co, 
Fort Worth 1, Tex. 

Circle 356 on Reader Service Card 


PLASTIC & CHEMICAL MATERIALS 
—Brochure CDC-381, 12 pp. Covers 
properties of polycarbonate and phenolic 
resins; varnishes and molding powders; and 
fused magnesium oxide. Parts fabricated 
from these materials are described and 
illustrated. Chemical Materials Dept, 
General Electric Co, 1 Plastics Ave, Pitts- 
field, Mass. 

Circle 357 on Reader Service Card 


EXPLOSIVE BOLTS—Data sheet series 
2500, 5 pp. Traces dimensions, firing 
characteristics and applications for integral- 
charge bolts stocked in 134 sizes and in 
tensile capacities from 7 to 15 tons. 
Curves show functioning time vs firing 
current. Holex Inc, 2751 San Juan Rd, 
Hollister, Calif. 

Circle 358 on Reader Service Card 


PORTABLE, RETRACTABLE DUCT— 
Catalog 20-29, 4 pp. Lists specifications 
and illustrates three types for ventilation, 
materials handling and fume- and dust- 
removal systems. Flexible Tubing Corp, 
Guilford 2, Conn. 

Circle 359 on Reader Service Card 


continued on page 77 
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PUMP 
DESIGN 
TRENDS 


ARTHUR A. NICHOLS 


INTEGRALLY BUILT-IN 
GEROTOR PUMPS IDEAL 
FOR HYDRAULIC SERVOS 


» Important advantages are offered 
by the Gerotor pump for servo control 
applications. It is a positive displace- 
ment pump and provides a smooth 
power flow from one end of the pump- 
ing cycle to the other. Unlike other 
types of pumps which tend to quit 
work at the low end of the speed 
range, Gerotors stay right on the job 
and provide positive power to the 
extremely low range. Thus, they are 
exceptionally responsive in servo sys- 
tems. 

>» Now the development of three 
matched pumping elements permits 
designers to build-in a Gerotor pump 
as an integral part of any hydraulic 
mechanism or system. 

» Consisting of an inner and outer 
Gerotor and an eccentric-locator ring, 
the unit becomes a complete pump by 
simply boring the casting or frame of 
the mechanism to accommodate the 
locator ring O.D. and by providing 
porting. This design makes the main 
casting do double duty as the pump 
housing, thus eliminating a very con- 
siderable cost factor. A drive can be 
taken from any convenient shaft. 
Obviously, such a built-in pump costs 
far less than complete pumps pur- 
chased outside. This results from the 
elimination of mounting pads, coup- 
lings, lines, connections and acces- 
sory drives. 


Qé | t 


. Three Gerotor components permit pump to 

Ae ..d. as integral part of housing or 

fan of mechanism, eliminate need for purchase 
and mounting of seporate, complete pump 


» The matched elements are thus as 
easily built in as a simple anti-friction 
bearing would be. Further, the Gerotor 
pump is extremely flexible in its con- 
figuration and readily adapts to a wide 
variety of mechanism geometries. It 
will handle a variety of fluids at rates 
up to 100 gpm and pressures up to 
1,000 psi. A simple, positive-acting 
automatic reversing feature can be 
built in at little cost. 

» Typical examples of servo applica- 
tions include ship anti-roll stabilizer 
control, steering mechanisms, and hy- 
draulic piston positioning and actua- 
tion in a wide variety of industrial 
applications. 

e» Technical data is available and your 
inquiry is invited. Write: 


W. H. NICHOLS CO. 


Makers of Zenith Metering Pumps 
and the Nichols Milling Machine 
“the miller that uses its head”. 


48 WOERD AVE., WALTHAM 54, MASS. 
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to u on ! 


For Its 


sae 


Many 


LEATHER 


~~ Advantages 


STYLE 409 - FM 


Less Friction ¢ Forever Shelf Life ¢ Use 

On Any Fluid or Gas to 450°F © No Electrolytic 
Corrosion @ Non-Contaminating . . . 

and in many cases it is less expensive 

than outdated materials 

383 sizes of Stock Molds available for Halogen Vee Ring 
Packing for Valves * pumps © cylinders * mixers 


Write for your catalog. 


INSULATOR & SEAL CORP. 


9960 Pacific Ave. Franklin Park, Hil. 
“Engineers and manufacturers— 


* ” 
“DuPont T.M. TEFLON* Products 
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ROTARY AIR 


GAST 


Model 1030-V110- 
206 Vac. Pump, 
1/20 h.p. Up to 1 
c.f.m.; to 15” vac. 


Model 0330-V112- 
206 split phase 
1/20 h.p. motor, 
48 ¢.f.m. Up to 20° 
vac. or 15 p.s.i.g. 


Model 0330-V102A- 
151 series wound 
motor. Up to .67 
c.f.m. To 20” vac. 
or 10 p.s.i.g. 


Model 0330-V110- 
202 shaded pole 
motor. Up to .35 
c.f.m. To 20” vac. 
or 10 p.s.i.g. 


(Below) Model 
0630-P103 Com- 
pressor, up to .6 
c.f.m. To 25 p.s.i.g. 
or 24” vac. 


_— 


THINKING SMALL? 


LOOK AGAIN! 


a, 


TWO TYPES OF MINIATURE OIL-LESS 


GAST =: VACUUM PUMPS 
and AIR COMPRESSORS 


FOR ORIGINAL EQUIPMENT 
APPLICATIONS ON CONTROLS, 
INSTRUMENTS, BUSINESS 
MACHINES, LAB EQUIPMENT 


Now where space is very limited 
— you can Seale moderate vacuum 
or pressure with one of these two 
types (3 series) of Gast semi-miniature 
Air Pumps. 


They run entirely without oil. Carbon 
vanes lubricate themselves, producing 
a completely oil-free air blast or ex- 
haust. Rotary design is simple, trouble- 
free and positive in air displacement. 


The largest Model 1030 (1 above) de- 
livers up to 1 c.f.m. running open at 
3450 r.p.m. Model 0630 (5 below) has 
identical exterior, delivers up to .6 
c.f.m. Smaller type 0330 (2, 3, 4 above) 
is shown with a choice of motors to 
suit various pump applications, both 
a.c. and d.c. With a rotor diameter 
smaller than a penny, Model 0330 
produces up to .67 c.f.m. (open) at 
6000 r.p.m.! 


These ‘‘semi-miniatures’’ may solve a 
problem for you — investigate today! 


WRITE TODAY FOR BULLETIN M-OVP. 


GAST MANUFACTURING CORP., P.O. Box 117-V 


See Catalog 
in Sweet's 
Design File 


Benton Harbor, Michigan 


CAS —— 
@ AIR MOTORS TO 7 HP 

ROTARY @ COMPRESSORS TO 30 PS) 
@ VACUUM PUMPS TO 28 IN 


“Air may be your answer!” 


Mee Sh ner oe 8 RAE aan 
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DESIGN LITERATURE continued 


STRUCTURAL STEEL—Brochure, 4 pp. 
Discusses chemical and mechanical prop- 
erties of three types of high-strength steel 
for applications where weight-strength 
ratio is a factor. Pittsburgh Steel Co, P O 
Box 118, Pittsburgh 30. 

Circle 360 on Reader Service Card 


AIR-CONTROL VALVES — Bulletin 
60-1, 6 pp. Presents model numbers, spec- 
ifications and operators of 4-in. NPT, 2- 
position balanced spool valves in normally 
closed or normally open 2-way, normally 
closed or normally open 3- and 4-way 
styles. Includes dimensional drawings. 
Hoffman Valves Inc, 2360 W Dorothy 
Lane, Dayton 39, Ohio. 

Circle 361 on Reader Service Card 


PRESSURE SNUBBER-—Bulletin, 4 pp. 
Explains and illustrates how device works 
if diaphragm alone or both diaphragm 
and bourdon tube should rupture. Cross 
sections of two diaphragm seal housing 
assemblies are included. Chemiquip Co, 
36 E 10th St, New York 3. 

Circle 362 on Reader Service Card 


DRAFTING MACHINES-—Bulletin, 4 
pp. Lists specifications of 16-, 18- and 20 
in. arm models and covers transparent 
plastic and duraluminum scales available 
for these machines. V & E Mfg Co, 766 
S Fair Oaks Ave, Pasadena, Calif. 

Circle 363 on Reader Service Card 


Bulletin, 4 
mechanical 


SELECTOR SWITCHES 
pp. Discusses electrical and 
characteristics and construction of 14-in 
dia, 12-position, 30° indexed rotary series, 
giving 13 dimensional drawings. CTS 


Elkhart, Ind 
Circle 364 on Reader Service Card 


Corp 


STAINLESS STEEL TUBE FITTINGS 
—Bulletin 4323 Bl, 4 pp. Illustrates 
assembly instructions and lists max work 
ing pressures for 10 sizes. Parker Fittings 
& Hose Div, Parker-Hannifin Corp, 17325 
Euclid Ave, Cleveland 12. 

Circle 365 on Reader Service Card 


SILICON POWER RECTIFIERS—Bul! 
letins 6.304-1, 6.305-2, and 6.307, 8 pp 
Contains specifications and performance 
characteristic curves on 20-, 35- and 70 
amp units. Fansteel Metallurgical Corp, 
Rectifier-Capacitor Div, North Chicago 

Circle 366 on Reader Service Card 


STATIC POWER CONVERSION— 
Booklet, 16 pp. Explains operation of 
static power equipment and compares per 
formances of static and rotating electrical 
devices Hamilton Standard, Broad Brook, 
Con 

Circle 367 on Reader Service Card 


continued on page 79 
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Missile 
tray 


made by 


Brooks & Perkins \ 
beats target weight by 300 lbs. 


Air transported missiles require minimum weight handling equipment so that 
important defense weapons can be moved efficiently and on schedule. Recently, 
Brooks & Perkins was given the responsibility for engineering, designing, building 
the prototype and manufacturing an aluminum missile tray, shown above. 

Unusual loading problems and the extreme importance of deflection required 
a dimensional tolerance of + 14,” in the 33-foot over-all length at 68°F. B & P 
not only met all tolerance requirements, but also reduced the initial target weight 
by 300 Ibs. 

The aluminum missile tray is another example of Brooks & Perkins skill and 
experience in the fabrication of light metal products for ground support equipment. 

For more information and details of this and other GSE programs, write direct 
to Brooks & Perkins, Detroit. 


BROOKS & PERKINS, Inc. 


1956 W. FORT ST., DETROIT 16, MICH. 


Offices in Washington and New York 60-T-7 R 
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Something New! 
IN CAVITY AND CORE MOLD DECORATIONS 


SKILLED ARTISANS and MASTER 
DECORATORS of ROLLS, DIES and MOLDS 


Skilled artisans in decorating cavities and cores 
for plastic injection molding. Skilled artisans in 
decorating dies for blow molding. Skilled artisans 
and master decorators in using anything that 
can be drawn in pen and ink, and by a unique 
decorating process, convert the design with 
exactness to rolls, dies and molds. ...Write for 
information and samples. 


—L 
ROLL DIERMOLD 


P. O. BOX 2493 


YOUNGSTOWN, OHIO y 
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TRANSFORMERS MECHANICAL ENGINEERS 


APPLicATioNs Bausch & Lomb 


UP TO There are several openings for Sen- 


ior Design Engineers in the Product 


3 5 0° C ~~~ Design sections of our company. 


These openings are permanent po- 
sitions requiring the ability to take 
Mechanical Design responsibility 
Engineering “know how” and from specifications to a saleable 
manufacturing facilities are avail- | product. Products involved are me- 
able at Acme Electric to produce chanical-electrical-optical in nature. 
prototypes or production runs of | A Mechanical Engineering Degree 
transformers that must function and at least 6 years of mechanical 
with operating temperatures up design experience is required. No 
to 350°C. optical or electrical background is 
necessary, but would be helpful in 
certain openings. 





These positions require board de- 
sign, coordination of customer re- 
quirements with Electrical and Op- 
tical Designers, supervision of detail 
draftsmen, assistance to shop dur- 
T-36127 T-34671 ° ° 
Weight: 14 ounces. VA: 47.8 Weight: 4% Ibs. VA: 705 ing construction and assembly as 
50°C rise, 125°C ambient 165°C rise, 125°C ambient : 
12 KV test @ 30,000 feet 12 KV test @ 30,000 feet well as testing and development 
: work. 


Those who can qualify and are in- 
terested in real design responsi- 
bility are invited to submit a resume 
to: Mr. H. A. Frye, Professional Em- 


ployment. 


T-36196 
Weight: 260 grams VA: 26.4 Weight: 235 grams. VA: 32 


30°C rise, 125°C ambient 31°C rise, 125°C ambient 
6.2 KV test @ 30,000 feet 5.2 KV test @ 30,000 feet a USC om 


ACME ELECTRIC CORPORATION | INCORPORATED 


681 Water St. Cuba, N. Y. 


in Canada: Acme Electric Corp. itd., 50 Northline Rd., Toronto, Ont. 17 Bausch Street 
: : Rochester 2, New York 
Aeme «i= Fleetric 
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index of 


PRODUCTS 
ADVERTISED 


In This Issue 


afer reading the 
lassified below . B DB- 
TAILED INFORMATION: about 


these products can be obtained A 
using the READER SERVIC 
be 


CARD 
Air Motors (see Motors, Air) 
Aluminum Alloys ........2nd Cover, 77 
Assemblies 

Hydraulic 


Bearings 
Ball .4th ett a, 58,61, 65 
ee "i>. se Cover 


Cam Followers 
Compressors 
Control! Panels & Switchboards 
Controls 
Electrical 


Deep Drawing .... 

Diaphragms 

Dies 

Drafting 
Supplies 

Drives 
Shaft-Mounted 
Variable Speed 


Fastening Methods .. 

Film, Plastic 

Fittings, Hose, Pipe & Tube. 
Flexible Couplings .. 
Furniture, Engrg. Dept 


Gear Motors (see also Motor 
Reducers) 


Heating, Units 


Metal Forming 

Motor Reducers (see also Gear 
Motors) 

Motors, A-C 
Fractional 

Motors, Air 

Motors, D-C 
Fractional 


Packings 
Plastics 
Plastics Fabricated 
Production Services (see also 
Engineering Services) 
Pumps 
Liquid 
Vacuum 


Reproduction Equipment 

Reproduction Supplies 

Revolving Joints (see Joints, 
Swing & Swivel) 


Is ° 
Silicone Rubber . 
Solenoids 
Speed Increasers & Reducers 
Spinning 
Steel 


Thermostats 
Transformers ......... 
Tubing 

Lock-Seam ... 








DESIGN LITERATURE. . continued 


WRITING TECHNICAL PROPOSALS 
—Booklet, 16 pp. Discusses engineer’s role 
in writing proposals for commercial and 
military business. Covers planning, sched- 
uling, program planning and technical 
discussion. Duralith Service Co, 1025 
Race St, Philadelphia 7. 

Circle 368 on Reader Service Card 


QOD SHEAVES AND HUBS—Catalog 
section 83-A, 16 pp. Gives dimensions 
and weights of 410 stock sheaves; instruc- 
tions for mounting sheaves on shafts; OD 
bushing and keyway dimensions; sheave 
groove dimensions and tolerances; and 
interchangeable bushing and sheave com- 
binations. Fort Worth Steel & Machinery 
Co, Fort Worth 1, Tex. 

Circle 369 on Reader Service Card 


MOTORIZED DRIVES—Bulletin MD-1, 
6 pp. Covers performance of 1 to 150-hp 
gearmotors and 1 to 75-hp coupled speed 
reducers. Tabulates output speeds for each 
hp rating in all three ACMA classes 
Howell Electric Motors Co, 16316 W 
Seven Mile Rd, Detroit 35. 

Circle 370 on Reader Service Card 


EXTRUDED RECTANGLES—Bulletin 
G-50b, 4 pp. Lists physical properties, 
lengths and tolerances, theoretical weight, 
and typical uses of rectangles offered i 
two alloys. Ampco Metal Inc, Box 
2004, 1745 S 38th St, Milwaukee 11. 
Circle 371 on Reader Service Cord 


INSTRUMENT SERVOS-—Catalog SFC- 
1, 4 pp. Details performance and applica- 
tion data on vacuum tube and all-solid- 
state indicators and _ repeaters 
Illustrates 3- and 2-in. dia millivoltmeters, 
ratiometers, shaft position repeaters and 
analog-to-digital converters. Sales Engi- 
neering Dept, North Atlantic Industries 
Inc, Terminal Drive, Plainview, LI, NY. 

Circle 372 on Reader Service Card 


servo 








“Hold on a minute! Am I to understand 
you don't like my workmanship?” 


PRODUCT ENGINEERING - JANUARY 16, 1961 





| 


Checklist of 
helpful 


McGRAW-HIEL™ 


INDUCTION HEATING 

Just Out. How to design coils, 
power systems, and generating 
equipment for use in induction 
heating. By P. Simpson, Redifon 
Ltd. 308 pp., 169 illus., $11.50 


MODELMAKING FOR 
INDUSTRIAL DESIGN 


Helps you improve your modelmak- 
ing techniques and express indus- 
trial design ideas more effectively 
in three dimensions. By R. Knob- 
laugh, Harper Landell & Assoc. 275 
pp., 287 illus., $9.75 


PRODUCT ENGINEERING 
DESIGN MANUAL 


Design data to help you produce 
better methods, devices, compo- 
nents, complete products. Edited by 
D. Greenwood, Assoc. Ed., Product 
Engineering, 342 pp., over 1100 
illus., $10.00 


STATICS AND STRENGTH 
OF MATERIALS 


Just Out. Tested principles to help 
you solve problems in statics—ana- 
lyze strength of materials. By M. 
Bassin and 8S. Brodsky, New York 
City Community College. 348 pp., 
497 illus., $7.00 


SELF-SATURATING 
MAGNETIC AMPLIFIERS 


Just Out. Covers theory, operation, 
design, and applications of self- 
saturating magnetic amplifiers. By 
G. Lynn, T. Pula, J. Ringelman, 
and F. Timmel, Westinghouse Elec. 
Corp. 232 pp., 152 illus., $8.00 


MARKS’ MECHANICAL 
ENGINEERS’ HANDBOOK 


Quick answers to your most trou- 
blesome questions on mechanical 
engineering and its applications. 
Edited by T. Baumeister, Columbia 
Univ. 6th Ed., 2270 pp., over 2000 
illus., $23.50 


PROFESSIONAL ENGINEER’S 
EXAMINATION QUESTIONS 

AND ANSWERS 

600 questions with answers to help 
engineers pass state license exam- 
inations. By W. La Lende dr., New- 
ark College of Eng. 2nd Ed., 
pp., 273 illus., $7.50 


r=SEE THESE BOOKS 10 DAYS FREE; 


McGRAW-HILL Pes a «+ INC., Dept. PE-1-16 
327 W. 4ist St., .c3 
Send me deacks pat below for 10 days’ ex- 
amination on approval In 10 days I will remit 
for book(s) I keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 
return privilege.) 
Induction asltepting. $11. 

Model Making for ind. oo $9.75 

uct Engr. Design Manual, 


Statics & Strength of 
00 


() Simpson 
() Knoblaugh 
{) Greenwood 
$10.00 
Bassin & Brodsky 
Materials, $ 
Lynn et al 
fiers, $8.00 
C) Baumeister—Marks’ 
© La Londe—Prof. Engr. 


, $7.50 
(PRINT) 
Name 
Address pes ee 
City . Zone 


Mech. Engr. 
Exam. Ques. 


Hdbk., $23.50 
& Ans, 


Company 
Position 


For price and terms outside U.S. 
Write McGraw-Hill Int’l., N. Y. C. PE-1-16 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 
The advertising rate ie $37.00 per inch for 
all advertising appearing on other than 
contract basis. Frequency rates quoted 
on request. 


UNDISPLAYED RATE 
$2.10 per line, minimum 3 lines. Position 
Wanted ads in this style % the above 
rate. To figure advance payment count 
6 average words to a line. 











CHALLENGING 
ENGINEERING 
OPPORTUNITY 


Expanding and progressive automotive 
parts manufacturer located in South- 
eastern Wisconsin has a key opening 
for man capable of supervising a de- 
partment consisting of 20-30 process 
and manufacturing engineers. This posi- 
tion offers direct responsibility for a 
group whose function is the design and 
development of special purpose equip- 
ment and processes from inception, 
through release to manufacturing. 


As a department head this man will 
be required to originate and to chan- 
nel original ideas for the development 
of new processes and equipment to 
meet specific manufacturing needs. 


The salary will be determined by his 
qualifications; his rate of advancement 
by his results. Excellent working con- 
ditions with capable associates and 
liberal company benefits. 


Write: 


P-5874—Product Engineering 
520 N. Michigan Ave., Chicago 11, Il. 








POWER TOOL ENGINEER 
Salary $14,000 Per Year 
Responsible for design, development and improve- 
ment of consumer power tools either electrical or 
gasoline powered. Reports to Chief Engineer. 
pany client all ploy t expense 
ESQUIRE PERSONNEL, INC. 
202 S. State St. Chicago 4, Ill. 














Your Inquiries to 
Advertisers Will 
Have Special Value... 


—for you—the advertiser—and 
the publisher, if you mention 
this publication. Advertisers value 
highly this evidence of the publi- 
cation you read. Satisfied adver- 
tisers enable the publishers to se- 
cure more advertisers and—more 
advertisers mean more informa- 
tion and more products or better 
service—more value—to YOU. 








INDEX TO 
ADVERTISERS 


This index is published as a conventence to the readers. Bvery care is taken to make it accurate but 
PRODUCT ENGINEERING assumes no responsibilities for errors or omissions 


Acme Electric Corp 
Anchor Coupling Co., Inc 
Azusa Engineering, Inc 


Bellofram Corp. 
Bootz Mfg. Co., Inc 
Brooks & Perkins, Inc 
Bundy Tubing Co 


Chiksan Co., A Subs. of Food Ma- 
chinery & Chemical Corp 

Clare & Co., C. P 

Cutler-Hammer, 


Dayton Rogers Mfg. Co 

De Laval Steam Turbine Co 
Detroit Coil Co 

Dixon Corp. 

Duff-Norton Co. 

du Pont de Nemours & Co., 


(inc.), 
E. |., Film Dept 


Falk Corp. 


Gast —, Corp 
General Electric Co., Apparatus 
Dept. 


Halogen Insulator & Seal Corp 
Huck Mfg. Co 


Kaupp & Sons, C. B 
Kaydon Engineering Corp 


L 


Lamina Dies & Tools, Inc 
Link-Belt Co. 


McGraw-Hill Book Co., In 73 
M-D Blowers, Inc., Subs. 

Goss-Dexter, Inc. 9 
Monarch Aluminum Mfg. Co....2nd Cover 
Moore, Inc., George W 66 


New Departure Div., General Motors 


Orange Roller Bearing Coe., Inc 


P 


Paragon-Revolute Div. of Charlies 
whe ee | Co., |! 

Philadelphia Gear Corp 

Pian Hold Corp 


Republic Mfg. Co 
Roll-Die & Mold Decorators, Inc.... 


SKF Industries, inc 
Stacor Equipment Co 
Staedtler, Inc., J. S 
Stevens Mfg. Co., Inc 
Stoner Rubber Co., Inc 


T 


Thomson Industries, Inc 
Timken Roller Bearing Co 
Torrington Co. 


U 


Universal Electric Co 


Vv 


Varityper Corp., Subs., Addresso- 
graph-Multigra  COPR. ccccccccce 
Vulcan Electric Co 





LLOYD BR. LAWKENCE aoverrsing soles me 
ager 

P. F. PRITCHARD manager, market develop- 
ment 

THOMAS R. COASH circulation 

RUSSELL T DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9... Ray K. Burnet, 1375 Peach- 
tree St., N.E., Trinity 5-0523 

BOSTON 16 M. A. Williamson, Jr., 
McGraw-Hill Bldg., Copley Square, Congress 
2-1160 

CHICAGO 11 . . Mid-Western Adv Sales 
Manager, A. E. Meanor; L. Anderson, 520 
N Michigan Ave, Mohawk 4-5800 

CLEVELAND 13... A. F. Tischer, 1164 
luminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1 . . . John Grant, 901 Vaughn Bldg, 
1712 Commerce St, Riverside 7-5117 

DENVER 2 . . . John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26 . . . P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25 . . . Gene Holland, W-724 Pru- 
dential Bldg, Jackson 6-1281 

LOS ANGELES 17 . . . Robert Obenour, 1125 
West Sth St, Huntley 2-5450 

NEW YORK 36... B. K. Adams, F. J. Mc 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 .. . John B. Lewis, H. M. 
Nicholson, 6 Penn Center Plaza, Locust 
8-4330 

PITTSBURGH 22... C. F. Leveroni, 4 Gate- 
way Center, Express 1-1314 

PORTLAND 4, ORE. . . . Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 

ST LOUIS 8 .. . R. W. Bruley, 3615 Olive St, 
Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 4... W. C. Woolsten, 
68 Post St, Douglas 2-4600. 
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CLASSIFIED ADVERTISING 
EMPLOYMENT OPPORTUNITIES .. 
F. J 


Eberle, Business Mgr 
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PERSONAL READER SERVICE 


SE ATTACHED CARDS - - « Data on Materials and Components 


Free Article Reprints 


OR PERSONAL COPIES . ; New Catalogs and Bulletins 
OF ADDITIONAL | | : - Brochures on Advertised Products 


. Personal Suscriptions to 


PRODUCT DESIGN DATA PRODUCT ENGINEERING 
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RODUCT FIRST CLASS 

EN aiwle RING 
é al PERMIT No. 64 


Valuable new data on product NEW YORK, N. Y 





design engineering — readily 


available to you —— FREE. BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed in the United States 





Just circle the numbers on the 





request cards that are identical 


with the numbers printed under Pewage Will Be Paid By Reader Service Depertment 
each Advertisement, New Product 


and Bulletin throughout this issue. PRODUCT ENGINEERING 
Reprint numbers are prefaced 330 WEST 42nd STREET 


with the letter “PP”. One free 
NEW YORK 36, N. Y. 


reprint is available for each article 


offered. 





PRODUCT FIRST CLASS 
ENGINE LSRING PERMIT No. 64 


USE THIS CARD NEW YORK, N. Y 


een 


to be sure to get your personal 
BUSINESS REPLY MAIL | 


subscription to PR¢ 8) Cy ENGI. No Postage Stamp Necessary if Mailed in the United State 














NEERING sent each week to your 
Postage Will Be Paid By Reader Service Department 


home or office. 

_ PRODUCT ENGINEERING 
330 WEST 42nd STREET 
NEW YORK 36, N. Y. 


Now only $3 per year (U.S.A.) 
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ADD TO YOUR DESIGN REFERENCE FILE FROM 


EDITORIAL REPRINTS AVAILABLE 


(Single reprints free, additional copies 6 for $1) 
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P58—STRONG ALUMINUM ALLOYS 


c 


ae 


P59—THE RESPONSE EQUATION 


nate Hou ae 


P60—ACCELEROMETER 
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P61—DIMENSIONAL STABILITY IN 
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P62—FRICTION COEFFICIENTS 


P64—BENDING GAGE 
New strain gage system 
m one side of section 


P65—HELICAL GEARS 
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P72—SAMPLING THEORY 
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P74—ALL TANGE 


ro 


315 





PRODUCT ADS 


Specific Product 


“MULTIPLE 


Key No P75—DRIVE ACCELERATION TIME 





REPRINTS 
P52 PS3 


P47 P48 


FRESH NEW DESIGN IDEAS EVERY WEEK! 


Have your own personal subscription to PRODUCT ENGINEERING sent each 
week to your office or home. ACT NOW. Fill out this card today to make 





P64 P65 Pbé 


P74 P77 P78 


PS4 P62 


P49 7 p P7 P73 P14 P75 


P76—INTRICATE DIECASTINGS 





P77—FLEXIBLE MAGNETS 


P78—EQUATIONS TO FIND THE RIGHT 
IMPELLER 


sure you won't miss a single issue. anne 
NEW CATALOGS 


AND BULLETINS 
GENERAL ENGINEERING 


1 year—NOW $3 U.S. only*{/| 2 years—NOW $4 


* Canada 


Payment enclosed 1 year—$5 


Bill me 2 years—$8 
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USE THESE PREPAID CARDS FOR 


¢ More information on advertised products 
* More data on new materials and components 
¢ Copies of catalogs and bulletins offered 
¢ Free editorial reprints 
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Bundy can mass-fabricate practically anything 


Almost any tubing component you may need— 
simple or complex—can be mass-fabricated by 
Bundy. If you are planning a new product, 
Bundy specialists will work with you at any 
time to iron out kinks in 
tubing problems. Or perhaps 
Bundy engineers can help 
you simplify the design— 
and cut costs—of existing 
tubing components. And 
when you specify Bundy you 
get superior tubing. Bundy- 


weld® meets ASTM 254; Government 
Specification MIL-T-3520, Type III. Phone, 
write or wire: Bundy Tubing Company, 


Detroit 14, Michigan. 
* *e * 


Bundyweld, double-walled from 
a single copper-plated steel strip 
is metallurgically bonded through 
360° of wall contact. It is light 
weight, uniformly smooth and 
easily fabricated... has remark- 
ably high bursting and fatigue 


strengths. Sizes up to %%” O.D. 


BUNDY. TUBING COMPANY 


DETROIT 14, MICH. © WINCHESTER, KY. © HOMETOWN, PA. 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING. AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, ITALY. JAPAN 
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Now,]iKF reduces the noise level 
of ball bearings by 50%! 


rmrner 


New S)0S® ball bearings run twice as quietly as 
standard single-row deep-groove bearings — six 
times more quietly than bearings produced just two 


years ago. 


They're designed especially for applications where 
noise is an important factor. Eight manufacturers, 
who use-tested them for over a year, now back-up 


their approvals with repeat orders, 


CIRCLE 203 ON READER SERVICE CARD 


Every bearing meets new, more critical standards. 
Each type and size meets special requirements for 
reduced vibration. Every ball meets very low wavi- 
ness limits. Each cage meets critical standards for 
smooth, quiet performance. 

SSS will make a comparison check of these im- 
proved bearings against the bearings you’re now 
using. See for yourself! Just call the SELF branch 


office nearest you. 


Every TYPE-EVERY USE 


okF. 


SEF INDUSTRIES INC PHILADELPHIA 32 PA 


cred and REED Mimature Bearings 














